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ABSTRACT 
 
Human and non-human animal studies indicate that the reconsolidation of 
conditioned fear memories can be interrupted, and return of fear attenuated, using a 
paradigm of memory retrieval coupled with extinction called post-retrieval extinction 
(PRE). This series of studies examined the efficacy of PRE for attenuating the return of 
fear in healthy and anxious individuals in order to inform translation of PRE to the clinic. 
Study 1 was a meta-analysis of 16 comparisons of PRE versus extinction in healthy 
human participants. My hypothesis that PRE would be more efficacious than extinction 
in attenuating the return of fear was supported (effect size g = 0.40). This effect was 
moderated by factors potentially related to memory strength. Accordingly, in Study 2, I 
tested a strategy to strengthen fear memories using a compound unconditioned stimulus 
for use in a subsequent study of PRE (Study 3). I hypothesized that the use of a 
compound unconditioned stimulus would improve rates of acquisition and differential 
conditioning levels in healthy participants (N=143, M(SD) age=23.0 (9.8), 59% female). 
My results confirmed that the use of a compound unconditioned stimulus enhanced rates 
of acquisition, but contrary to my hypothesis, did not enhance differential conditioning 
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levels among those meeting threshold values for conditioning. In Study 3, I tested the 
relative efficacy of PRE in 49 healthy and 43 anxious participants (M(SD) age=23.0 (8.0), 
71% female) who received either one day of acquisition followed by PRE or extinction, 
or three days of acquisition followed by PRE. I hypothesized that PRE would be more 
efficacious than extinction in attenuating the reinstatement of fear for memories 
conditioned over one day, but not for stronger fear memories conditioned over three days. 
Contrary to my hypothesis, no effect of PRE was observed on reinstatement of fear for 
participants who received one day of acquisition. Furthermore, PRE was not more 
beneficial for anxious participants who received one day versus three days of acquisition. 
In sum, the PRE effect size from this study was near zero and at the 11th percentile of 
those observed by meta-analysis; future research should continue to examine moderators 
of PRE effects. 
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Chapter 1. General Introduction1 
Anxiety disorders affect approximately 21% and posttraumatic stress disorder 
(PTSD) affects approximately 4% of the US population in a given year (Kessler, 
Petukhova, Sampson, Zaslavsky, & Wittchen, 2012). Anxiety and traumatic stress 
disorders are associated with disability, lost productivity, and increased healthcare 
utilization (Baxter, Vos, Scott, Ferrari, & Whiteford, 2014; Ramchand, Rudavsky, Grant, 
Tanielian, & Jaycox, 2015). Although relatively efficacious treatments for anxiety and 
traumatic stress disorders exist (Olatunji, Cisler, & Deacon, 2010; Watts et al., 2013), 
many individuals do not receive treatment, and amongst those who do, many do not 
respond to, relapse after, or dropout from treatment (Imel, Laska, Jakupcak, & Simpson, 
2013; Taylor, Abramowitz, & McKay, 2012). Thus, there is much room for improvement 
and consideration of novel, more efficient and efficacious treatment approaches. 
Central to the development of more efficacious interventions for these and other 
disorders, and supported by the National Institute of Mental Health (NIMH) Research 
Domain Criteria (RDoC; Insel, Cuthbert, Garvey, Heinssen, & Pine, 2010), is 
investigations of underlying mechanisms that cut across disorders as well as learning 
processes that apply across treatments. One construct within the negative valence system 
domain of the RDoC, which is central in anxiety and traumatic stress disorders, is fear. 
Although anxiety and traumatic stress disorders may vary in symptoms and presentation, 
                                                     
1 This work was supported by grant F31MH103969 from the National Institute of Mental Health 
and a Clara Mayo Memorial Fellowship Award from Boston University, Department of 
Psychological and Brain Sciences. 
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they are thought to share an underlying dysregulated fear circuit (Shin & Liberzon, 
2010). In PTSD, at least one initial fear memory is central to the etiology of the disorder 
(Foa, Steketee, & Rothbaum, 1989). Learning models of the etiology of anxiety disorders 
also support that traumatic conditioning experiences (whether direct or vicarious) 
contribute to the etiology of anxiety disorders (Mineka & Oehlberg, 2008; Ost & 
Hugdahl, 1981; Zlomuzica et al., 2014). Consequently, fear extinction is at the 
foundation of many of our current evidence-based treatments for anxiety and PTSD 
(Milad, Rosenbaum, & Simon, 2014). Understanding fear extinction processes has the 
potential to help clinical researchers optimize current psychosocial treatments and 
develop novel strategies to treat fear-based disorders. 
In standard fear extinction, new memories are formed that associate the feared 
stimuli with safety, but the original fear memories are left unchanged (Bouton, 2002). It 
is thought that over time, the new safety memories inhibit responses to the original fear 
memories, which leads to the extinction of fear. Although extinction learning can occur 
rapidly, for a variety of reasons, this learning is not always maintained over time 
(Bouton, 2002). Because the original fear memories are left unchanged, fear may return 
with the passage of time (spontaneous recovery), when the feared negative consequence 
is re-presented (reinstatement), when the subject returns to the context in which the 
feared stimuli were conditioned (renewal), and when the feared stimuli are re-presented 
and feared negative consequences ensue (reacquisition) (Bouton, 2002). Clinically, this 
could explain non-response to, partial response to, and relapse after exposure therapy for 
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anxiety and traumatic stress disorders. Thus, treatments would benefit from an enhanced 
focus on more potent and enduring fear extinction techniques.  
Ongoing translational research is seeking to extend the efficacy of exposure 
interventions by examining both procedural and pharmacological methods to aid in the 
consolidation and retention of extinction learning (for review, Kredlow, Eichenbaum, & 
Otto, in press). But what if we could go beyond standard extinction learning and change 
the original fear memory itself? Theoretically, this would lead to a permanent or at least 
more powerful change in fear and attenuate the return of fear that is often seen with 
extinction. It had long been assumed that once fear memories are consolidated, they are 
not susceptible to change (Glickman, 1961; McGaugh, 1966). However, research has 
revealed that when fear memories are retrieved, they undergo a process called 
reconsolidation during which they are once again malleable and susceptible to 
modification (Nader, Schafe, & LeDoux, 2000).  
Memory Reconsolidation Blockade & Post-Retrieval Extinction 
The concept of memory reconsolidation and reconsolidation interference is not 
new (Sara, 2000), but research within the last couple decades has revealed innovative 
methods to capitalize on this window of memory lability to target fear. In an initial 
ground-breaking study, Nader and colleagues (2000) hypothesized that interfering with 
protein synthesis, which is thought to be necessary for memory consolidation, would 
disrupt the reconsolidation of fear memories. Their results supported this hypothesis. 
They discovered that injecting the lateral and basal nuclei of the amygdala of a rat with a 
protein synthesis inhibitor (i.e., anisomycin) after fear memory retrieval (i.e., during 
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reconsolidation), resulted in amnesia for a fear memory up to 14 days after conditioning. 
They also found that the window of lability (i.e., reconsolidation window) seemed to last 
for 6 hours following retrieval of the memory.  
Later research found similar results using propranolol (a beta-adrenergic 
antagonists which exerts central inhibitory effects on protein synthesis), in animals and 
humans (for review, Lonergan, Olivera-Figueroa, Pitman, & Brunet, 2013). Research 
supports that this paradigm does not simply enhance extinction, but interferes with 
reconsolidation (Dudai, 2006; Duvarci & Nader, 2004). These reconsolidation blockade 
strategies, however, have limitations. Protein synthesis inhibitors are not safe for use in 
humans and studies examining the efficacy of beta-adrenergic antagonists in patient 
populations have had mixed results (for review, Kredlow et al., in press; Soeter & Kindt, 
2015; Thomas, Saumier, Pitman, Tremblay, & Brunet, 2017; Wood et al., 2015).  
In attempting to find a less invasive strategy, researchers chose to capitalize on 
reconsolidation as a memory updating mechanism (Lee, 2009). This led to the 
development of a paradigm called post-retrieval extinction (PRE), where a memory is 
retrieved and retrieval is followed by extinction during the reconsolidation window 
(Monfils, Cowansage, Klann, & LeDoux, 2009). Retrieval of the memory was achieved 
through presenting the conditioned stimulus (CS+) once, ten minutes prior to extinction. 
The CS+ is the same stimulus that was previously paired with the unconditioned stimulus 
(UCS) during conditioning; thus, it acts as a reminder of the conditioning experience. 
Initial research in animals (Clem & Huganir, 2010; Monfils et al., 2009) provided support 
for this paradigm, showing that return of fear could be attenuated using PRE. A PRE 
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effect was also demonstrated in animal models of non-fear based memories (for review, 
Kredlow, Unger, & Otto, 2016).  
Schiller and colleagues (2010) were the first to translate these animal findings to 
humans. They randomized participants to extinction training without retrieval, extinction 
training 10 minutes after retrieval (inside the reconsolidation window; PRE), and 
extinction training 6 hours after retrieval (outside the reconsolidation window). In 
contrast to participants in the extinction only and extinction 6 hours after retrieval groups, 
participants in the extinction 10 minutes after retrieval group (PRE) displayed 
significantly less return of fear as assessed by a test of reinstatement one day later. 
Surprisingly, when tested 1 year later, there was some evidence of the maintenance of 
this effect. They also demonstrated that the interference produced by PRE was specific to 
the retrieved memory, not associated memories. This study supports the efficacy and 
specificity of PRE in humans and also supports previous findings (Nader et al., 2000) that 
the reconsolidation window occurs between 10 minutes and 6 hours after retrieval of a 
memory. Soon after Schiller and colleagues’ (2010) study, these finding were replicated 
in other healthy human samples with conditioned fears and with non-fear based memories 
(for review, Kredlow et al., 2016).  
Boundary Conditions of PRE 
At the same time, not all researchers have been able to replicate these findings 
(e.g., Fricchione et al., 2016; Golkar, Bellander, Olsson, & Ohman, 2012; Kindt & 
Soeter, 2013; Klucken et al., 2016; Soeter & Kindt, 2011), suggesting that further 
research is needed to understand PRE and how it can be most effectively applied. One 
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possible explanation is that boundary conditions limit the efficacy of PRE. Specifically, 
the age, strength, and type of memory (Auber, Tedesco, Jones, Monfils, & Chiamulera, 
2013) as well as characteristics of the retrieval of the memory (Finnie & Nader, 2012) 
have been identified as potential boundary conditions. In addition, the degree of 
engagement of the hippocampus during memory formation may modulate the effects of 
PRE (Ishii et al., 2012). Research, however, suggests that these boundary conditions are 
flexible (e.g., Steinfurth et al., 2014) and may simply be conditions that make a memory 
more resistant, but not immune, to reconsolidation interference (Auber et al., 2013; 
Finnie & Nader, 2012). The potential boundary condition of memory strength is of 
particular clinical relevance given the potent fear memories that likely underlie anxiety 
and traumatic stress disorders.  
Memory Strength 
Memory strength is influenced by how a memory is encoded (Cahill, Gorski, & 
Le, 2003; McGaugh, 2000) as well as whether a memory has been retrieved and 
reconsolidated (without interference) since initial encoding (Lee, 2008). Memory trace 
strength theory posits that stronger memories are more resistant to disruption via 
misinformation (Pezdek & Roe, 1995). Similarly, researchers have hypothesized that 
stronger memories may be more resistant to reconsolidation interference via PRE (Auber 
et al., 2013). Animal research using the parallel drug paradigm (i.e., reconsolidation 
blockade) and strong memories has produced conflicting results (Robinson & Franklin, 
2010; Suzuki et al., 2004; Wang, de Oliveira Alvares, & Nader, 2009). Interestingly, a 
study exploring the efficacy of reconsolidation blockade in mice comparing weak 
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memories (i.e., conditioned with one footshock as the UCS) and strong memories (i.e., 
conditioned with three footshocks as the UCS) found that using a longer retrieval time 
made the paradigm effective for stronger memories (Suzuki et al., 2004). In other studies, 
researchers were able to interfere with strong memories in rats by administering 
reconsolidation blockade one month after memory formation (Robinson & Franklin, 
2010; Wang et al., 2009) or combining reconsolidation blockade with the presentation of 
novel information during the reconsolidation window (Winters, Tucci, & DaCosta-
Furtado, 2009). This suggests that the ability to interfere with the reconsolidation of 
stronger memories is possible, but may require subtle variations in administration of 
interference strategies.  
To my knowledge, no research has directly explored fear memory strength and 
PRE. The closest studies have attempted to replicate the PRE effect in healthy humans 
using fear-relevant conditioned stimuli (e.g., images of spiders; Fricchione et al., 2016; 
Golkar et al., 2012; Kindt & Soeter 2013; Meir Drexler et al., 2014; Soeter & Kindt, 
2011) rather than non-fear relevant conditioned stimuli (stimuli without pre-existing 
meaning, e.g., colored shapes). This may have resulted in conditioning of stronger fear 
memories, which has been presented as a possible explanation for why these studies did 
not find PRE to be effective (Auber et al., 2013). However, the notion that memory 
strength is a boundary condition to reconsolidation interference is challenged by the 
results of two studies: (1) the efficacy of reconsolidation blockade for fear-relevant 
memories has been demonstrated (Soeter & Kindt, 2011), and, (2) a more recent PRE 
study that utilized the UCS as the retrieval cue rather than the CS+ was able to interfere 
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with fear-relevant as well as fear-irrelevant memories (Thompson & Lipp, 2017). 
Furthermore, it is unclear whether the use of fear-relevant conditioned stimuli led to 
conditioning of a stronger fear memory, or simply led to activation of a widespread 
network of pre-existing associations with the stimuli that were difficult to interfere with 
via PRE (Kredlow et al., 2016). Some hope that PRE could be effective for stronger fear 
memories is brought by an application of PRE to the clinic for reward memories. 
Specifically, Xue and colleagues (2012) examined the efficacy of PRE for drug-
associated memories and found PRE to be effective in attenuating cue-induced heroin 
craving in addicts. 
Given the conflicting evidence outlined above and the lack of research directly 
examining the impact of memory strength on the efficacy of PRE in humans, research 
aimed at developing a strong fear memory in the laboratory and testing PRE with this 
strong fear memory is needed. This is an important translational research element given 
the potent memories that underlie anxiety and traumatic stress disorders. If PRE is not 
effective for strong fear memories conditioned in a laboratory, it may be challenging to 
apply PRE to disorder-related fear memories. 
Potential Moderators of PRE - The Role of the Hippocampus 
Another factor that may influence the efficacy of PRE is the degree of 
hippocampal-dependence of a memory. Both the amygdala and hippocampus play a role 
in the acquisition and initial consolidation of fear memories. Whereas the amygdala is 
central in encoding the emotional aspects of a fear memory, the hippocampus encodes the 
declarative aspect of a fear memory such as the associations between stimuli, actions, and 
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contexts (Eichenbaum, 2004). Thus, the degree to which a conditioning paradigm 
involves forming declarative associations between stimuli, actions, and contexts, 
influences how much the hippocampus is involved. For this reason, the hippocampus is 
more involved in complex contextual fear conditioning, than simple cued fear 
conditioning (Phillips & LeDoux, 1992). The hippocampus, however, also plays a 
smaller role in cued fear conditioning (Sanders, Wiltgen, & Fanselow, 2003), specifically 
with regards to declarative knowledge obtained during conditioning.   
Bechara and colleagues (1995) elucidated the role of the hippocampus in cued 
fear conditioning by researching acquisition in patients with amygdala or hippocampal 
damage. They determined that patients with amygdala damage did acquire the declarative 
knowledge about the relationship between the CS and UCS during fear conditioning (i.e. 
CS-UCS contingency), but did not display the automatic physiological fear responses 
which are typically observed in healthy individuals. In contrast, patients with 
hippocampal damage did display the automatic physiological fear responses, but did not 
display declarative knowledge of the CS-UCS contingency. This demonstrated double 
dissociation led to the conclusion that the hippocampus is required for obtaining 
declarative knowledge during fear conditioning, but is not necessarily required for the 
physiological component of fear acquisition. As such, one marker of the degree of 
hippocampal-dependence in cued fear conditioning is the declarative awareness of the 
contingency between the CS and UCS (Bechara et al. 1995; Weike, Schupp, & Hamm, 
2007).  
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With regard to how this may influence PRE effects, research suggests that 
hippocampal-dependent fear memories may be less susceptible to PRE effects. For 
strongly-hippocampal dependent fear memories formed through contextual fear 
conditioning, PRE studies conducted in animals have had a cumulative small non-
significant effect (Goode, Holloway-Erickson, & Maren, 2017; Kredlow et al., 2016). 
Likewise, the one PRE study conducted in healthy humans with contextual fear 
conditioning reported a small non-significant effect in the opposite direction than 
expected (i.e., less return of fear following extinction than PRE; Meir Drexler et al., 
2014). Yet, reconsolidation interference strategies other than PRE, have demonstrated 
reconsolidation interference for hippocampal-dependent memories. For example, studies 
examining episodic memories, which are strongly hippocampal-dependent, have 
demonstrated memory interference and updating during the reconsolidation window with 
non-extinction based interference strategies (Hupbach, Gomez, Hardt, & Nadel, 2007; 
Hupbach, Hardt, Gomez, & Nadel, 2008; Kredlow & Otto, 2015; Schwabe & Wolf, 
2009). The majority of the research on episodic memories, however, has examined non-
fear based memories.  
With regard to cued fear conditioning, which is typically less hippocampal-
dependent than contextual fear conditioning, hippocampal-dependence may still impact 
PRE effects (Schiller & Phelps, 2011; Kredlow et al., 2016). PRE studies that have had 
participants rate how much they expect to experience the UCS following each cue during 
acquisition, have been less likely to demonstrate a PRE effect than studies that have not 
used expectancy ratings (Kredlow et al., 2016). Because the ratings of expectancy were 
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done during fear acquisition, this may have facilitated bringing the CS-UCS contingency 
to awareness, thus, potentially making the fear memory in these studies more 
hippocampal-dependent. Schiller and Phelps (2011) have also identified top-down 
knowledge (i.e., awareness) of the CS-UCS contingency, a marker of the degree of 
hippocampal-dependence of the fear memory, as a potential explanation for the return of 
fear in unsuccessful studies of PRE and reconsolidation blockade.  
Although PRE studies have used CS-UCS expectancy ratings as an outcome 
(Kindt & Soeter, 2011), to my knowledge, no study has examined whether CS-UCS 
contingency awareness moderates PRE effects. Examining whether CS-UCS contingency 
awareness moderates PRE effects may provide some insight into whether hippocampal-
dependence of the fear memory influences PRE efficacy. Specifically, if PRE is not 
effective for individuals who are aware of the CS-UCS contingency, but is effective for 
individuals who are not aware of the CS-UCS contingency, this would suggest that PRE 
is less effective for hippocampal-dependent fear memories and more effective for 
hippocampal-independent, and thus more amygdala-dependent, fear memories. This topic 
is important to explore because it could potentially guide translation. As outlined in 
LeDoux and Pine’s (2016) two system framework of fear and anxiety as well as Grillon’s 
(2009) two-level theory of fear conditioning, both implicit and explicit cognitive 
processes are important in the etiology of fear and anxiety and may benefit from different 
interventions. If PRE turns out to be more effective for hippocampal-
independent/amygdala-dependent fear memories, it would likely be better translated to 
target implicit aspects of fear and anxiety. 
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PRE in Anxious Individuals 
Despite open questions about boundary conditions of PRE, such as memory 
strength and hippocampal-dependence, researchers have already made the leap to 
translate PRE to the clinic. To my knowledge, to date, three small pilot studies have 
attempted to translate PRE to the clinic for anxious patients. Results of these studies have 
been mixed and overall, do not provide convincing evidence of PRE effects. 
The first study was conducted by Shiban, Brütting, Pauli, and Mühlberger (2015) 
with spider phobic patients. Participants were randomized to post-retrieval exposure 
therapy or standard exposure therapy. In the PRE condition, to reactivate the fear 
memory participants viewed a virtual reality spider for 5 seconds, 10 minutes prior to 
virtual reality exposure therapy. In contrast, participants in the standard exposure therapy 
condition viewed a neutral virtual stimulus for 5 seconds, 10 minutes prior to virtual 
reality exposure therapy. The virtual reality exposure therapy was conducted in one 
session in a graded fashion to four different scenes of spiders. On the following day, 
participants were re-exposed to the virtual spider scenario and skin conductance and fear 
ratings were collected to assess for spontaneous recovery of fear. Participants also 
completed a behavioral approach test with a live spider to further assess for spontaneous 
recovery. A week later, participants in both groups completed a massed in-vivo exposure 
with a live spider and six months later, participants completed a spider phobia outcome 
questionnaire. Contrary to the authors’ hypothesis, they did not observe any differences 
between the groups in spontaneous recovery of fear one day after treatment or phobic 
symptoms at six months follow-up. Importantly, the authors note that these findings were 
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in part due to the fact that both groups responded well to treatment and did not 
demonstrate spontaneous recovery of fear. This makes it challenging to reach any 
conclusions from this study regarding the effectiveness of PRE over standard extinction.  
Another attempt to translate PRE by the clinic was conducted by Maples-Keller 
and colleagues (2017), in the context of a more comprehensive treatment for fear of 
flying. Patients participated in an eight session treatment, which included 
psychoeducation, cognitive restructuring, breathing retraining, and hyperventilation 
exposure during sessions 1-4, followed by virtual reality post-retrieval exposure or 
standard exposure during sessions 5-8. In the PRE condition, during sessions 5-8 patients 
were presented with a 15 second exposure to a virtual reality flying scene to reactivate 
the fear memory, 10 minutes prior to virtual reality exposure therapy. Patients in the 
standard exposure group were presented with a neutral virtual reality scene for 15 
seconds, 10 minutes prior to exposure therapy. Patients progressed through individualized 
hierarchies of exposures. Outcomes were assessed at posttreatment and follow up time 
points and consisted of self-report questionnaires regarding fear of flying and skin 
conductance during a virtual reality flight clip. Similar to Shiban et al. (2015) they also 
did not observe differences in self-reported phobic symptoms; however, once again 
participants maintained their gains from the end of treatment to follow up, suggestive of a 
lack of return of fear in both groups. Interestingly, they did note some differences in 
physiological reactivity at 3 month follow-up; participants in the PRE group 
demonstrated less physiological arousal to the flight clip as assessed by skin conductance. 
These findings conflicted, however, with their findings for heart rate which suggested the 
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opposite effect – the PRE group demonstrated more physiological arousal. Thus, once 
again, this study did not demonstrate a consistent PRE effect. 
In contrast, one relatively successful translation of PRE has been conducted by 
Telch, York, Lancaster, and Monfils (2017) with spider and snake phobic patients. In the 
PRE group, to retrieve the memory, they had patients bring to mind a personal phobia-
related memory for 10 seconds while interacting with a live spider or snake. Next, they 
had patients wait 30 minutes, and then engage in in-vivo exposure therapy that involved 
behaviorally approaching a live snake or spider. Participants in the control condition 
engaged in these procedures in the opposite order; exposure, followed by the 30 minute 
break, followed by the 10 second retrieval. Based on reconsolidation theory, retrieval 
opens the reconsolidation window, so retrieval after exposure should have no effect on 
return of fear. Behavioral approach tests at 1 day post-treatment and 1-month follow up 
as well as a self-report assessment of fear were used to assess for return of fear.  
Although the authors did not observe differences on the self-report assessment, 
they did observe lower peak fear in the PRE group during the follow up behavioral 
approach test, suggestive of less return of fear in the PRE group. Unexpectedly, they also 
observed attenuation of fear during the first few exposure therapy trials in the PRE group. 
This was unexpected because PRE is meant to prevent the return of fear via 
reconsolidation interference, rather than impact the speed of extinction. Enhanced speed 
of extinction is typically anticipated in studies that enhance the consolidation of 
extinction learning (for review, Otto et al., 2016), rather than interfere with 
reconsolidation. This raises the question of whether PRE led to enhanced extinction, 
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potentially via enhanced inhibitory learning, in Telch and colleagues (2017) study. If this 
were the case, this may have also impacted outcomes at follow up. Thus, it is not 
completely clear that reconsolidation interference via PRE produced the effect observed 
at follow up. Given these mixed findings, it is still unclear how to best translate PRE to 
the clinic and for which patients PRE would be most effective. Thus, further research in 
the laboratory may help inform translation. 
To my knowledge, no studies have examined the efficacy of PRE in an anxious 
population in the fear conditioning laboratory. This is a logical next step to aid in 
effective translation of findings on PRE to clinical application. Given the challenges 
described above that researchers have encountered attempting to utilize PRE in the clinic, 
the laboratory environment should allow for more stepwise translation of PRE effects in 
healthy individuals to a clinical population. Application of PRE to an anxious population 
provides an opportunity to explore how dimensions of anxiety severity may impact the 
efficacy of PRE. This question is particularly important given prior research (Soeter & 
Kindt, 2013) suggesting that trait anxiety may influence the ability to interfere with 
reconsolidation. Specifically, one study in healthy participants (Soeter & Kindt, 2013) 
found that higher trait anxiety moderated disruption of reconsolidation of fear memories 
via propranolol, with higher trait anxiety leading to less disruption and more return of 
fear. The role of trait anxiety has not, however, been explored with PRE. If PRE proves 
to be less effective for individuals with high trait anxiety, then potentially PRE should be 
targeted towards patients who have a specific fear, but overall low trait anxiety levels.  
Studying PRE in the Laboratory Using Fear Conditioning 
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De novo fear conditioning is a commonly used procedure for investigating the 
etiology, maintenance, and treatment of anxiety and PTSD (Milad et al., 2014) and has 
been used in the majority of PRE studies to date. During fear acquisition procedures, a 
neutral stimulus (CS+) is repeatedly paired with a naturally aversive stimulus, such as a 
mild, electric shock (UCS). Evidence of successful conditioning is demonstrated when 
presentation of the CS+ produces a conditioned response, such as an increase in skin 
conductance (SC), when the UCS is no longer presented. This is often evaluated by 
comparing SC responses (SCRs) to the CS+ with SCRs to a stimulus (CS-) that was 
never paired with the UCS, with the differential SCR (SCR to CS+ minus SCR to CS-) 
representing the amount of fear learning. Finally, during extinction, the CS+ is repeatedly 
presented without the UCS, spaced seconds apart, until the conditioned response is 
diminished (for review, Milad et al., 2014). In contrast, in PRE, the CS+ is first presented 
once to retrieve/activate the fear memory, followed by a 10 minute break, and then 
standard extinction procedures.  
Fear conditioning procedures have been used for decades to produce conditioned 
fear in healthy individuals as a model for fear-related disorders (Duits et al., 2015; Lissek 
et al., 2005). Fear conditioning has also been examined in clinical populations to try to 
understand whether variations in fear learning or extinction may relate to the etiology or 
maintenance of anxiety and PTSD. From example, ease of fear conditionability (i.e., how 
likely an individual is to acquire a differential conditioned response through fear 
conditioning) has been examined as a risk factor for the development of anxiety 
disorders. It was once thought that individuals who more easily acquired conditioned 
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fears, might be at greater risk for developing anxiety disorders. Meta-analyses comparing 
fear acquisition and extinction in healthy and anxious individuals (Duits et al., 2015; 
Lissek et al., 2005), however, reveal that the picture is more complex. Anxious 
individuals do not more easily acquire fears than healthy individuals during conditioning, 
but may show differences in their responses to neutral cues (CS-). Specifically, during 
fear conditioning anxious patients are more likely than healthy individuals to generalize 
their fear from the cue (CS+) that was associated with the aversive consequence (UCS) to 
the cue (CS-) that is not associated with the aversive consequence (Duits et al., 2015). 
This may contribute to the etiology of anxiety or traumatic stress disorders because the 
fear memory is not isolated, but has associations with many stimuli in an individual’s 
environment. For example, in the case of PTSD, fear is associated with many neutral 
stimuli that were present in the environment at the time of the traumatic event, rather than 
just the stimulus that was directly associated with the traumatic outcome.  
In addition, meta-analyses have demonstrated that a significant portion of the 
etiology of anxiety and traumatic stress disorders has to do with deficits in extinguishing 
fear, rather than a tendency to more easily acquire fears (Duits et al., 2015). Specifically, 
during extinction, anxiety patients demonstrate a larger SCR to the CS+ and larger 
differential SCR than healthy individuals, suggestive of delayed or reduced fear 
extinction. Prospective studies have also indicated that these deficits in extinction precede 
and predict the development of anxiety and traumatic stress disorders (Guthrie & Bryant, 
2006; Lommen, Engelhard, Sijbrandij, van den Hout, & Hermans, 2013; Orr et al., 2012).  
In addition, patients with PTSD demonstrate deficits in the ability to maintain extinction 
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learning (i.e., extinction recall; Milad et al., 2008; Milad et al., 2009a). Given deficits in 
extinction learning, novel interventions such as PRE that target reconsolidation processes, 
may be more beneficial for patients with anxiety and traumatic stress disorders.  
Challenges with De Novo Conditioning Procedures 
One challenge in prior examinations of PRE in the laboratory has been the 
limitations of typical fear conditioning procedures. In general, cued conditioning 
procedures (as described above) that use shock as the UCS lead to relatively weak fear 
memories (Grillon, 2009). This is generally problematic because studies of fear 
conditioning using these procedures encounter: (1) a number of individuals who fail to 
show a fear response (as measured by an increase in SC) to the UCS alone (Kredlow et 
al., 2016), and (2) large portions of individuals who do not learn to fear the CS+ over the 
CS- during acquisition (i.e., they do not acquire a differential SCR; e.g., Guastella, 
Lovibond, Dadds, Mitchell, & Richardson, 2007; Otto et al., 2014; Schiller, Kanen, 
LeDoux, Monfils, & Phelps, 2013).  
Rates of failure to show a SCR to the UCS alone range from 3% to 16% across 
studies of mixed healthy and clinical populations that used shock as the UCS (Kredlow et 
al., 2017). Rates are even higher (0% to 26%) amongst specific populations (i.e., African 
American participants; Kredlow et al., 2017). If a participant is not fearful of the UCS 
itself, which is meant to elicit fear during conditioning, conditioning is unlikely to occur 
and it is not possible to examine conditioned fear. Thus, participants who do not show a 
SCR to the UCS alone are often excluded from fear conditioning studies or analyses 
(Kredlow et al., 2017).  
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Additionally, some participants show a SCR to the UCS alone, but fail to learn to 
fear the CS+ over the CS- during acquisition. In other words, they fail to demonstrate 
conditioned fear as assessed by differential SCR (CS+ minus CS-) during acquisition. 
Rates of failure to acquire differential SCR range from 31 to 43% in mixed healthy and 
anxious samples, once again, with even higher rates in African American participants 
(33% to 71%; Kredlow et al., 2017). Failure to acquire differential SCR is especially 
common in anxious samples where, as described above, generalization of fear to the CS- 
is more likely. When fear generalizes to the CS-, this results in a larger SCR to the CS-, 
and thus, a smaller differential SCR (CS+ minus CS-). For example, in a study of fear 
conditioning in patients with affective disorders (Otto et al., 2014), only 57% of the 
sample acquired a differential SCR. Rates of failure to acquire differential SCR have also 
been high (up to 60%; Schiller et al., 2013) in studies of PRE conducted in healthy 
participants. In order for the benefit of extinction or PRE to be examined, participants 
must first acquire a conditioned fear response. As such, studies of extinction or PRE will 
typically exclude participants who fail to demonstrate differential SCR during acquisition 
from entry into the study or analyses.  
These limitations of fear conditioning result in reduced sample sizes and 
negatively impact the generalizability of research findings. The use of a stronger 
conditioning procedure may reduce the rates of individuals who need to be excluded from 
analyses due to failure to show a SCR to the UCS or differential SCR during acquisition. 
Additionally, the use of stronger conditioning will aid in the exploration of the efficacy of 
PRE for stronger fear memories.  
 20 
 
The Current Project 
The purpose of this investigation is to further examine the efficacy of PRE and 
test the boundary condition of memory strength with regards to the efficacy of PRE. To 
this end, multiple studies were conducted and results will be presented across four 
chapters.  
Although studies of PRE have been conducted in animals since year 2000 and 
healthy humans since year 2010, the magnitude and reliability of these findings had not 
been examined in a meta-analytic review. Thus, the first study of this dissertation was a 
meta-analysis of studies of PRE. Given null results reported by Kindt and Soeter (2013; 
Soeter & Kindt, 2011) soon after the initial successful PRE study by Schiller et al. 
(2010), the first goal for the meta-analysis was to summarize the literature as a whole to 
evaluate the reliability and size of the effect. The second goal of the meta-analysis was to 
evaluate moderators of PRE effects. Given speculation in the literature at the time about 
potential boundary conditions to PRE (e.g., memory age, strength, hippocampal-
dependence), moderators related to these hypothesized boundary conditions were 
specifically examined. This meta-analysis was published in early 2016 and is thus 
presented in this dissertation as Chapter 2 as published by Psychological Bulletin 
(Kredlow et al., 2016).  
In conducting the meta-analysis, I observed that large portions of participants 
were excluded from PRE study analyses due to failure to condition (i.e., not acquiring a 
differential SCR). This is consistent with general challenges with de novo fear 
conditioning procedures outlined above - research indicates that typical cued fear 
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conditioning procedures using shock as the UCS lead to relatively weak fear memories 
(Grillon, 2009) and high rates of failure to condition (Kredlow et al., 2017). Thus, 
concurrent to conducting my own study of PRE, I conducted a study to explore whether 
variations in the UCS used during acquisition could improve rates of conditioning. I 
specifically examined whether (1) increasing shock duration, or (2) using a compound 
UCS that consisted of a shock plus a scream noise, improved rates of conditioning. In 
addition, I also took this opportunity to examine demographic predictors of 
conditionability. Chapter 3 presents the resultant manuscript, which is currently under 
review for publication. 
From the meta-analysis, I observed an overall small-to-moderate significant effect 
of PRE over standard extinction on preventing the return of fear in healthy human 
participants. Given the absence of PRE laboratory studies of clinically-anxious 
participants, as well as the challenges translating PRE to the clinic described above, I 
conducted a laboratory study of PRE in a mixed healthy and anxious population. I 
specifically examined anxiety symptoms as a potential moderator of PRE effects. In 
addition, given questions about whether the hippocampal-dependence of a fear memory is 
a boundary condition to PRE effects, I examined CS-UCS contingency awareness (a 
proxy for hippocampal-dependence, whereby awareness indicates more hippocampal-
dependence than non-awareness) as a potential moderator of PRE efficacy. Furthermore, 
to explore the efficacy of PRE for strongly conditioned fear memories, I also tested PRE 
in a portion of anxious participants who were repeatedly conditioned over three days. 
This study is presented as Chapter 4. 
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I conclude with a discussion of this body of work as it relates to recent research 
on PRE and future directions of research. This broad discussion is presented as Chapter 5.  
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Chapter 2. Harnessing Reconsolidation to Weaken Fear and Appetitive Memories: 
A Meta-Analysis of Post-Retrieval Extinction Effects2 
Exposure procedures are a core component of cognitive behavioral treatments for 
anxiety disorders (Hofmann & Smits, 2008; McHugh, Smits, & Otto, 2009). These 
procedures rely on the repeated presentation of fear cues in the presence of relative 
safety, designed to weaken the ability of these cues to evoke anxiety.  Yet, despite the 
relative efficacy of exposure-based interventions for anxiety (Hofmann & Smits, 2008; 
Olatunji et al., 2010) and trauma-related disorders (Powers, Halpern, Ferenschak, 
Gillihan, & Foa, 2010), there remains a large percentage of individuals who do not 
respond to, relapse after, or drop out of treatment (Bystritsky, 2006; Schottenbauer, 
Glass, Arnkoff, Tendick, & Gray, 2008), motivating the search for ways to augment 
treatment effects (Pollack et al., 2008).  Exposure procedures have also been applied to 
substance use disorders, but have met with limited success (Conklin & Tiffany, 2002), 
again motivating the search for strategies to augment these procedures.  
Over the last decade, translational research has played an important role in 
identifying potential strategies to enhance exposure-based interventions.  For example, 
advances in the understanding of the neural circuits underlying fear acquisition and 
extinction led to investigations of ways to pharmacologically enhance extinction learning 
                                                     
2 Copyright © 2016 by American Psychological Association. Reproduced with permission. 
Kredlow, M. A., Unger, L. D., & Otto, M. W. (2016). Harnessing reconsolidation to weaken fear 
and appetitive memories: A meta-analysis of post-retrieval extinction effects. Psychological 
Bulletin, 142(3), 314-336. No further reproduction or distribution is permitted without written 
permission from the American Psychological Association. 
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(Davis, Myers, Ressler, & Rothbaum, 2005; Richardson, Ledgerwood, & Cranney, 2004), 
with a number of promising clinical trials following (for review see Rodrigues et al., 
2014).  Overall, these pharmacologic strategies are aimed at enhancing the learning of 
safety in relation to fear cues so that in the competition between fear and safety memories 
(Bouton, 2002), safety learning can be more likely to dominate. One problem with 
extinction-based approaches, however, is that fear can return at a later time or when the 
feared stimulus is encountered in a new context (Bouton, 2002), a phenomenon thought 
to be parallel to clinical relapse after exposure therapy.  Enhancing extinction does not 
necessarily address this problem because of the continued competition between the 
original fear learning and subsequent safety memories.   
At present, the field is now poised to consider the clinical benefit of another 
important translational-research finding, which may address this issue: the finding that 
memories may be rapidly changed by interference with the memory reconsolidation 
process.  New learning leads to a cascade of changes at both the cellular synaptic level 
and brain systems level (Dudai, 2012; Eichenbaum, 2000), whereby newly-learned 
information is stored.  This process is referred to as memory consolidation, and is further 
defined by a time window in which the newly-formed memory becomes less labile — 
less susceptible to interference.  Once the memory is consolidated, for example, amnestic 
agents no longer have an effect on the memory, unless the memory is reactivated.  That 
is, upon memory retrieval the neural systems involved in the memory are again activated 
and go through another period of re-stabilization called reconsolidation.  As with 
consolidation, during reconsolidation, memories are labile and susceptible to interference 
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and this window of susceptibility is time limited (thought to be within 6 hours of 
retrieval).  Like consolidation, reconsolidation involves integrating new information into 
existing memory structures (McKenzie & Eichenbaum, 2011), thereby updating/changing 
the memory.  Interfering with the reconsolidation of a fear memory thus acts on the 
original fear memory; this contrasts with extinction, which is thought to leave the original 
memory intact but offset the original memory through introducing new memories of 
relative safety (Bouton, 2002; Myers & Davis, 2002).  In line with this idea, 
reconsolidation and extinction have been shown to be distinct processes with unique 
biochemical signatures (Lee, Milton, & Everitt, 2006; Suzuki et al., 2004).   
The clinical research agenda of interfering with memory reconsolidation was set 
into action by Nader and colleagues (Nader et al., 2000) who found that during the time 
period following memory retrieval—a window of time during which the memory was 
being reconsolidated (i.e. reconsolidation window)—the memory was sensitive to 
disruption.  Specifically, using a de novo fear conditioning paradigm, Nader et al. (2000) 
showed that administration of a protein-synthesis inhibitor, following presentation of a 
memory retrieval cue of the conditioned stimulus (i.e. a tone), could block the return of 
fear.  This important finding has been replicated and extended to appetitive memories, 
using a variety of pharmacologic memory interfering strategies, including the 
administration of B-Adrenergic and NMDAergic antagonists during the reconsolidation 
window.  Two meta-analyses of these studies (Das, Freeman, & Kamboj, 2013; Lonergan 
et al., 2013), indicate reductions in the return of fear or the return of appetitive responses 
on the order of moderate effect sizes.   
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In 2009, another innovation was introduced for modifying fear memories.  Rather 
than using pharmacologic strategies to interfere with memory reconsolidation, Monfils 
and colleagues (2009) examined the role of extinction learning during the reconsolidation 
window.  Specifically, they showed that extinction following a memory retrieval cue was 
more effective than extinction that was not conducted during the reconsolidation window.  
Their paradigm, termed “post-retrieval extinction,” mirrored that of Nader and colleagues 
(2000), except that memory retrieval was followed by the administration of extinction 
trials rather than a protein synthesis inhibitor.  This design was predicated on the theory 
that reconsolidation is not only a mechanism for re-solidifying a memory, but it can also 
be instrumental in “updating” a memory with new information (McKenzie & 
Eichenbaum, 2011; Sara, 2000).  In this case, the fear memory is updated with 
information about safety provided through extinction learning.   
Subsequently, Schiller and colleagues (2010) tested this protocol in humans in a 
de novo fear conditioning paradigm.  Healthy participants underwent fear acquisition 
during which one of two colored shapes (conditioned stimulus, CS+) was associated with 
a shock (unconditioned stimulus, UCS).  One day later, participants were randomized to 
extinction training in one of three conditions: (1) extinction without a memory retrieval 
cue, (2) extinction training 10 minutes after a memory retrieval cue (a single presentation 
of the CS+), or (3) extinction training 6 hours after a memory retrieval cue (i.e., 
extinction outside the presumed reconsolidation window).  Participants who had received 
extinction during the reconsolidation window (condition 2) demonstrated significantly 
less return of fear when tested one day later, with some evidence of maintenance of this 
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effect one year later (Schiller et al., 2010).  In contrast, fear returned in the groups that 
received traditional extinction (condition 1) and extinction outside of the reconsolidation 
window (condition 3), which is the typical pattern largely observed across extinction 
studies (Bouton, 2002).  Consistent with findings from other studies of reconsolidation 
(Monfils et al., 2009; Nader et al., 2000), this study also confirmed the notion that the 
reconsolidation window is time-limited and closes within 6 hours of memory retrieval.   
Since this initial research, there have been dozens of studies examining post-
retrieval extinction as a means to interfere with the reconsolidation of conditioned fear 
memories.  In addition, researchers have begun to apply the paradigm to appetitive 
memories, with early promising results (Xue et al., 2012).  Yet findings have been mixed, 
with some studies replicating the positive results of early studies (e.g., Agren et al., 
2012a) and others reporting null results (e.g., Soeter & Kindt, 2011).  This has spurred 
much debate as to whether there are “boundary conditions” which limit the efficacy of 
the post-retrieval extinction paradigm and reconsolidation interference in general (Auber 
et al., 2013; Lee, 2009; Nader & Hardt, 2009).  Although excellent review articles have 
been written on this topic (Agren, 2014; Auber et al., 2013) and two meta-analyses have 
been published on pharmacologic strategies to interfere with memory reconsolidation 
(Lonergan et al., 2013; Das et al., 2013), a meta-analytic review of the post-retrieval 
extinction literature has not been published, to our knowledge.   
In this article, we provide a meta-analysis of the magnitude of post-retrieval 
extinction effects.  Our goal was to examine the reliability of these effects, and, if 
appropriate, encourage clinical application of these novel strategies which have been 
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largely confined to the research lab in conditioning paradigms.  In addition to providing a 
literature-wide estimate of the overall magnitude of post-retrieval extinction effects, we 
employed moderator analyses to try to identify potential “boundary conditions” around 
these effects.  Accordingly, one goal for this meta-analysis was to account for some of 
the substantial variation in results of post-retrieval extinction in order to hone the 
application of these strategies.  In line with the translational nature of this research, we 
evaluated both animal and human paradigms (cf., Norberg, Krystal, & Tolin, 2008).  
Further, to address the potential application of findings to both fear-based and addiction-
based disorders, we evaluated the magnitude of post-retrieval extinction effects for both 
fear and appetitive memories, respectively.   
Method 
Search Strategy 
A search of PubMed and PsycINFO was conducted on articles published through 
June 18, 2014.  The Boolean search term ((((reconsolid*) OR reconsolidation) OR “post 
retrieval extinction”) OR “post-retrieval extinction”) OR (post AND retrieval AND 
extinction) was utilized to encompass any articles including the following search terms: 
“reconsolid*”, “reconsolidation”, “post retrieval extinction”, “post-retrieval extinction”, 
and “post AND retrieval AND extinction.”  The reference lists of relevant reviews 
(Agren, 2014; Auber et al., 2013; Besnard, Caboche, & Laroche, 2012; Bossert, 
Marchant, Calu, & Shaham, 2013; Cammarota, Bevilaqua, Vianna, Medina, & Izquierdo, 
2007; Curran & Robbins, 2013; Debiec, 2012; Dudai, 2012; Flavell, Lambert, Winters, & 
Bredy, 2013; Gisquet-Verrier & Riccio, 2012; Hartley & Phelps, 2010; Hong et al., 2011; 
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Hunter, 2011; Izquierdo, Cammarota, Vianna, & Bevilaqua, 2004; Lee, 2009; Milton & 
Everitt, 2010; Nader & Einarsson, 2010; Nader, Hardt, & Lanius, 2013; Robertson, 2012; 
Schiller & Phelps, 2011; Sorg, 2012; Taylor, Olausson, Quinn, & Torregrossa, 2009; 
Torregrossa & Taylor, 2013; Wang & Morris, 2010) were also searched manually to 
identify additional studies.  In addition, email inquiries were sent out to listservs of 
psychology organizations to solicit unpublished data.  Two of the authors independently 
screened titles, abstracts, and manuscripts of potentially eligible studies.  
Selection 
Animal or human studies utilizing post-retrieval extinction to interfere with the 
reconsolidation of fear or appetitive memories were included.  Post-retrieval extinction 
was defined as retrieval of an existing memory through presentation of a conditioned 
stimulus (CS), followed by extinction conducted during the reconsolidation window 
(Monfils et al., 2009).  Based on existing research (for review, Auber et al., 2013), the 
reconsolidation window was defined as within 6 hours of retrieval of a memory.  Studies 
of post-retrieval extinction that met the following criteria were included in analyses: 1) 
conducted in mammals; 2) examined fear or appetitive memories; 3) compared a post-
retrieval extinction group/condition to a control group/condition; 4) assessed return of 
fear/appetitive response through a test of reinstatement, renewal, spontaneous recovery, 
or reacquisition which took place at least 24 hours after initiation of post-retrieval 
extinction or extinction; and 5) for human fear studies, outcome was assessed using skin 
conductance response (SCR).  Studies that met any of the following exclusion criteria 
were eliminated: 1) no full text version in English available; 2) did not include 
 30 
 
experiments (e.g. reviews); 3) tested aspects of memory other than reconsolidation (e.g. 
consolidation); 4) used methods other than post-retrieval extinction to interfere with 
memory reconsolidation (e.g. pharmacological methods); 5) reactivated only part of a 
compound conditioned stimulus during post-retrieval extinction; 6) involved lesions to 
the brains of animal subjects; 7) involved human subjects with high likelihood of 
cognitive impairment (i.e. Xue et al., 2012 human study); 8) in order to increase the 
homogeneity of the sample, studies of memories which were greater than 7 days old 
(only one study, Costanzi, Cannas, Saraulli, Rossi-Arnaud, & Cestari, 2011, was 
excluded for this reason) and 9) to increase consistency with other studies, studies 
administering different levels of UCS intensity at acquisition and test; this resulted in the 
exclusion of such studies from two manuscripts (Chan, 2014; Pineyro, Ferrer Monti, 
Alfei, Bueno, & Urcelay, 2014).  Data from pharmacological studies comparing a post-
retrieval extinction and extinction group that were both administered saline were included 
(Flavell, Barber, & Lee, 2011).   
Data Abstraction 
Articles meeting the selection criteria were collected and data were abstracted for 
analysis by the second author and independently checked for accuracy by the first author.  
Errors were reconciled through discussion amongst the authors.   
Study designs. Studies utilized standard experimental methods for appetitive and 
fear conditioning (for review see Bouton, 2007), thus only unique aspects will be 
described in detail in this manuscript.  All studies involved three sequential procedures: 
1) acquisition of conditioned fear or appetitive responses, 2) completion of subsequent 
 31 
 
extinction or post-retrieval extinction, and 3) a test of return of conditioned behavior.  For 
between-subject designs, subjects were randomized to receive extinction with or without 
a retrieval cue.  For within-subject designs, subjects were presented with two CSs (i.e. 
CSa+ and CSb+), one of which was retrieved prior to extinction (CSa+) and one of which 
was not (CSb+).  Within the group of studies that utilized between-subject designs, some 
studies utilized cued conditioning whereas other studies utilized contextual conditioning.   
In appetitive studies, acquisition also consisted of cued or contextual 
conditioning.  In cued conditioning subjects self-administered food or a drug (UCS) 
through the active nosepoke operandum, which was associated with a light or light-tone 
pairing (CS).  Extinction involved free access to the nosepoke operandum with 
presentation of the CS, but without reinforcement (UCS).  Studies achieved retrieval with 
1) an unreinforced presentation of the CS without the nosepoke operandum (Olshavsky et 
al., 2013a) or 2) a brief exposure to the nosepoke operandum with nosepoke responses 
associated with the CS but not the UCS (Flavell et al., 2011; Xue et al., 2012).  
Appetitive studies of contextual conditioning utilized the conditioned place preference 
(CPP) paradigm.  In CPP studies, drug injections were administered while the subject 
was in one compartment of a multi-compartment apparatus, and saline injections (serving 
as placebo) were administered while the subject was in another compartment. CPP was 
established when the subject showed an increase in preference towards the drug-paired 
compartment.  Extinction of CPP was reached either by alternate confined exposure to 
each compartment until no preference for either compartment was reached (Ma, Zhang, 
& Yu, 2012) or by sessions of free access to both compartments of the apparatus until 
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preference for the drug-paired compartment was considered extinguished (Sartor & 
Aston-Jones, 2014).  CPP studies achieved post-retrieval extinction by either of two 
methods: 1) brief confinement to the drug-paired compartment before free access to both 
compartments was granted, or 2) brief access to both compartments of the apparatus 
without consequence (e.g., delivery of the UCS) followed by confinement to the drug- 
and saline-paired compartments alternatively.   
Within studies that met our inclusion criteria, it was often possible for multiple 
comparisons to be made.  In cases when two post-retrieval groups were present within 
one study, both groups were included in the analyses with statistical procedures 
accounting for clustering of the data.  Some studies also contained more than one group 
which could be considered a control group, in which case the extinction-only group was 
favored as the comparison condition.  Early articles of post-retrieval extinction often 
included an additional group receiving retrieval followed by extinction outside of the 
reconsolidation window (e.g. 6 hours after retrieval) in order to establish that retrieval 
alone was not driving the effect and that reconsolidation was in fact a time-limited 
process (e.g. Monfils et al., 2009).  In these studies, return of fear in this group mirrored 
that of the extinction-only group.  Given this consistent finding regarding the 
reconsolidation window, subsequent studies exploring post-retrieval extinction effects 
focused on the critical comparison between the post-retrieval extinction group and 
extinction-only group (e.g., Soeter & Kindt, 2011).  Thus, for the purposes of this meta-
analysis, the group with retrieval and extinction outside of the reconsolidation window 
was typically not used in the analyses.  In the rare case that an extinction-only group was 
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not present, a group with retrieval and extinction outside of the reconsolidation window 
was considered to be a control group (e.g. Agren et al., 2012a). If data were not available 
for solely the extinction-only control group but rather for the extinction-only group and a 
group with retrieval outside the reconsolidation window combined (e.g. Schiller et al., 
2010), the combined data was used as the comparison condition.   
Study outcomes. In the current meta-analysis, the following tests were examined 
to evaluate the return of conditioned fear/appetitive learning after extinction (for review, 
see Bouton, 2002): the unexpected presentation of the UCS (reinstatement), re-exposure 
to the acquisition context (renewal), presentation of CS after the passage of time 
(spontaneous recovery), and presentation of the CS with the UCS (reacquisition).  When 
studies presented a progression of findings (e.g. a test of reinstatement then reacquisition) 
from the same group of subjects, all outcomes were included in the analysis and 
statistical procedures were used to account for clustering of the data.     
Effect size data.  Methods of data analysis varied considerably across studies, 
thus we deferred to the authors of each study and, if possible, utilized the data as 
analyzed in the publication to calculate effect sizes.  Data analysis strategies included: 1) 
examining change in fear or appetitive responses from end of extinction to beginning of 
test; 2) demonstrating no significant difference in fear or appetitive responses between 
conditions at the end of extinction, then examining responses during test.  In cases where 
both types of analyses were presented, the first type of data analysis method was favored 
over the second.  For between-subject studies, responses were compared between the 
post-retrieval extinction and extinction-only group.  For within-subject studies, responses 
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to the CSa+ versus the CSb+ were compared within each subject.  Studies varied in the 
number/duration of extinction and test trials examined in their analyses; once again, we 
deferred to the authors and utilized the data as analyzed in the publication.  For the 
calculation of effect sizes, means and standard deviations, F statistics, p-values, and t-
values were utilized.   
In instances when insufficient data were presented to calculate an effect size, two 
or more attempts were made to contact the authors of the study.  For studies that did not 
report whether t-tests were one- or two-sided, it was assumed that tests were two-sided.  
For studies that failed to report an exact p-value but reported a less-than statement (e.g., p 
< .05), a conservative assumption was made equating the p-value to the stated amount 
(e.g., p = .05).  For studies that did not report an exact sample size but a sample size 
range (Xue et al., 2012), the average of the range, or lower value if the range was equal to 
one, was utilized in analyses.  To calculate effect sizes for between-subject designs with 
pre- and post- data (e.g. end of extinction and test data), pre-post measure correlations or 
change score standard deviations were needed.  In cases when this information was not 
provided in published reports, a pre-post correlation of r = 0.6 was imputed.  This value 
was chosen because it falls between published recommendations for imputation of pre-
post correlations which vary between r = 0.5 (Follmann, Elliott, Suh, & Cutler, 1992) and 
r = 0.7 (Rosenthal, 1991).  Sensitivity analyses were conducted as recommended by the 
Cochrane Collaboration (2011), using values of 0.5 and 0.7.  This did not significantly 
alter the main outcomes.  
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Moderator variables.  Data regarding study design, subject, and conditioning 
characteristics were abstracted to be used in moderator analyses. 
Study design.  
Between/within-subject designs. We examined whether effects varied for 
between-subject and within-subject experimental designs. Although within-subject 
designs are more statistically powerful than between-subject designs, a level of 
complexity is introduced (as three conditioned stimuli need to be utilized) which may 
impact outcomes. 
Participant characteristics.  
Demographics (human only). The mean age of subjects, as well as the percentage 
of female subjects was abstracted. All animal studies were conducted with male rats/mice 
and insufficient information was provided regarding animal age, thus these moderators 
were only examined for human studies. 
Housing conditions (animal only).  Because social buffering can affect fear 
conditioning outcomes when applied to the conditioning environment (Kiyokawa, 
Takeuchi, Nishihara, & Mori, 2009) or home cage (Kiyokawa, Honda, Takeuchi, & Mori, 
2014), housing conditions were examined as a moderator.  Animal housing conditions 
have also been suggested as a possible explanation for discrepant results in the literature 
(Auber et al., 2013).  For animal studies, the number of subjects housed together during 
the study was abstracted.  If a range was provided, the median of that range was utilized 
in analyses.   
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Conditioning procedures.  Various aspects of conditioning procedures were 
abstracted, including characteristics of the stimuli, timing of procedures, and use of 
expectancy ratings. 
Stimuli.  Information about the CSs, including the exact type of CS, was 
abstracted.  In addition, CSs were coded as conditioned learning-irrelevant (e.g. 
geometric shapes) or conditioned learning-relevant (e.g. pictures of spiders in the case of 
fear conditioning).  Learning-relevant stimuli have been shown to be more resistant to 
extinction (Mineka & Ohman, 2002) and thus the learning-relevance of the CS may serve 
as a proxy for memory strength.  While cued conditioning involves the pairing of a cue 
(i.e. the CS) with an inherently negative/positive stimulus (i.e. the UCS), contextual 
conditioning involves the pairing of a context, rather than a cue, with an inherently 
negative/positive stimulus.  Thus, for studies that utilized contextual conditioning, the 
context was considered to be the CS.  Of note, research indicates that contextual 
conditioning is more hippocampal-dependent than cued conditioning (Phillips & LeDoux, 
1992).  This is of interest given questions raised about whether post-retrieval extinction is 
effective for hippocampal-dependent memories (Ishii et al., 2012).  The type of UCS was 
also abstracted.  In cases when electric shock was utilized as the US, the shock duration 
(in msec) and intensity (in mA) were abstracted.   
Timing of procedures.  Characteristics of conditioning procedures were 
abstracted.  For cued conditioning, the number of acquisition trials was operationalized as 
the number of CS+ trials for between-subject designs and the number of Csa+ trials for 
within-subject designs.  For contextual conditioning, the time in the acquisition context 
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was abstracted.  The reinforcement schedule (i.e. percent of CS+s or CSa+s paired with 
the UCS) was also abstracted.  The number of reinforced acquisition trials was calculated 
by multiplying the number of acquisition trials by the reinforcement schedule.  The 
number of acquisition trials and reinforcement schedule may both be related to the 
strength of the acquired memory (Gallistel & Gibbon, 2000).  
The number of extinction trials was abstracted.  For between-subject designs, in 
all cases one additional CS+ presentation was administered to the extinction-only group 
to account for the additional CS+ presentation during the retrieval trial that is 
administered to the post-retrieval extinction group.  Thus, for consistency, we 
operationalized extinction trials as the total number of CS+ presentations received by the 
extinction-only group.  Similarly, in the case of within-subject designs, one additional 
CSb+ trial than Csa+ trial was consistently administered to account for the Csa+ 
reactivation trial.  Thus, we operationalized extinction trials as the number of CSb+ trials.  
In a few cases, subjects underwent two rounds of extinction trials (Clem & Huganir, 
2010; Ishii et al., 2012), in which case the total number of trials administered during the 
reconsolidation window (within 6 hours of retrieval) was utilized in the analyses.  For 
contextual conditioning, the duration of time in the extinction context was abstracted.  
This was dictated by the extinction-only group as the time spent in the extinction context 
was again balanced in this group for the additional time the post-retrieval extinction 
group received due to the reactivation exposure.  As research suggests that massed 
extinction attenuates renewal (Denniston, Chang, & Miller, 2003), massed extinction 
after reactivation has been explored as a potential method to enhance the effects of post-
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retrieval extinction (Ishii et al., 2012).  This raises the question of whether the number of 
extinction trials could moderate post-retrieval extinction effects. 
The relative timing of acquisition, post-retrieval extinction/extinction, and test 
procedures was also abstracted.  Specifically, the hours between acquisition and post-
retrieval extinction/extinction were abstracted, allowing us to quantify memory age.  The 
hours between post-retrieval extinction/extinction and test were abstracted to examine the 
potential maintenance of post-retrieval effects over time.  For two studies (Chan, Leung, 
Westbrook, & McNally, 2010, experiments 4a and 4b), reinstatement shocks were 
administered 24 hours before test trials, in which case the time between extinction and 
the test trials was utilized in analyses.  The duration of the retrieval trial and the time 
between the end of the retrieval trial and start of extinction within the post-retrieval 
extinction group were also abstracted and examined as moderators.  Some have 
questioned whether longer retrieval trials lead to extinction rather than interference with 
reconsolidation (Pineyro et al., 2014), thus this could potentially explain some discrepant 
results.  In addition, although the reconsolidation window has been consistently 
established as within 6 hours of retrieval (Monfils et al., 2009; Schiller et al., 2010), it is 
possible that the time gap between retrieval and extinction may influence the magnitude 
of post-retrieval extinction effects. 
Expectancy ratings (human only).  We recorded whether participants rated UCS 
expectancy (i.e. whether they expect the UCS to occur after seeing a CS), and if so, 
whether ratings took place during or after acquisition procedures.  Rating expectancy 
may result in more declarative awareness of the CS-US contingency (Warren et al., 
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2014), and declarative awareness of CS-US contingency has been shown to engage the 
hippocampus (Bechara et al., 1995).  Thus, this is one potential method to examine 
whether hippocampal-engagement impacts the efficacy of post-retrieval extinction. 
Details of Analyses 
Effect size analyses.  Individual effect sizes were calculated using the 
Comprehensive Meta-Analysis software program (Version 2; Borenstein, Hedges, 
Higgins, & Rothstein, 2005).  Hedges’s g (Rosenthal, 1991) was used as an indicator of 
effect size, as it corrects for small sample sizes.  These controlled effect sizes may be 
conservatively interpreted using Cohen’s standards (Cohen, 1977): small (0.2), moderate 
(0.5), and large (0.8).  Aggregate effect size calculations and moderator analyses were 
conducted in the statistical package R utilizing the metaSEM package (Cheung, 2014).  
As some studies contained multiple post-retrieval extinction groups or assessed multiple 
outcomes, they contributed more than one effect size to the analysis.  As such, a three-
level meta-analysis was conducted to address the dependence among effect sizes derived 
from the same study (Cheung, 2014).   Aggregate effect sizes were calculated separately 
for animal fear studies, animal appetitive studies, and human fear studies.  Aggregate 
effect sizes were calculated for all test types (i.e. reinstatement, renewal, spontaneous 
recovery, reacquisition) combined and separately by test type.  Additionally, aggregate 
effect sizes were compared across test type to determine if the efficacy of post-retrieval 
extinction varied across test type.  Results of this comparison were considered in 
conducting and interpreting moderator analyses. 
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Moderator analyses.  We examined the influence of the moderators outlined 
above on our main effects.  Moderator analyses were conducted across all studies in a 
grouping utilizing metaSEM.  For categorical moderators, separate effect sizes were 
calculated for each group and the significance was evaluated between groups.  For 
continuous moderators, unstandardized regression coefficients were computed and z-tests 
were applied to evaluate significance.  To reduce the likelihood of Type I errors, 
moderator analyses were conducted only when a total of 8 or more comparisons and at 
least 3 comparisons across at least two studies for any particular categorical moderator 
grouping were available to contribute to the analyses.  
Publication bias.  In addition to our comprehensive search strategy, we utilized 
funnel plots and the Trim and Fill method (Duval & Tweedie, 2000) to explore the 
potential impact of publication bias on our results.  In order to examine the full pattern of 
effects, a multi-level approach was not used and these analyses were conducted in 
Comprehensive Meta-Analysis with each effect treated as independent.  Funnel plots for 
each significant outcome were visually inspected to assess symmetry relative to the mean 
effect size.  The Trim and Fill method (Duval & Tweedie, 2000) is a conservative 
strategy which assumes that funnel plot asymmetry characterized by more positive than 
negative small study effects is due to publication bias.  Trim and Fill analysis imputes 
artificial negative studies to the left of the mean effect size to balance out asymmetric 
funnel plots.   
Results 
Trial Flow  
 41 
 
Using the search strategy described above, 791 unique articles were identified.  
Titles and abstracts were examined, resulting in the exclusion of 731 articles.  Full text 
articles were obtained for the 60 remaining articles.  Of the articles initially identified and 
reviewed in full text by both authors (n = 53), the agreement rate for inclusion/exclusion 
was 91% with authors disagreeing on 5 articles.  There were 7 articles which were 
identified and reviewed in full text by one author, but not identified by the second author; 
upon subsequent review by the second author, the agreement rate was 86% for these 
articles.  Disagreement was reconciled through discussion with the final author.  
Ultimately, 36 articles were excluded for various reasons (see Figure 1) and 24 articles 
were included in this meta-analysis.  Within these articles, 79 studies were examined, of 
which 32 were not included in the analyses for reasons presented in Figure 1, and 47 
studies were included in the analyses.  Within these 47 studies, 65 comparisons of post-
retrieval extinction to a control group were identified.  In one case, the data for one test 
was compromised, according to the authors (Agren, Furmark, Eriksson, & Fredrikson, 
2012b), thus it was not included in our analyses.  In another case, three tests were 
conducted, however, we were only able to obtain the necessary data to include two of 
them in our analyses (Kindt & Soeter, 2013).  Ultimately, 63 comparisons were included 
in the analyses.   
Study Characteristics  
Of the 63 comparisons included in the analysis, 50 were comparisons of 
conditioned fear (34 animal comparisons, 16 human comparisons) and 13 were 
comparisons of conditioned appetitive responses (13 animal comparisons, 0 human 
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comparisons).  The analyses comprise data from 1,061 subjects; 553 animals (84% rats, 
16% mice) and 310 humans (M(SD) age = 24.1(1.9), 58% female) were examined in 
studies of fear memories and 198 animals (100% rats) were examined in studies of 
appetitive memories.  Details on study characteristics are outlined in Tables 1-3.  The 
sample sizes reported from here after reflect number of comparisons unless stated 
otherwise. 
Quantitative Data Synthesis 
Animal – Fear 
The accuracy rate for abstraction of fear memory-related effect size data in 
animals was high; with 98% accuracy between abstractors for the memory outcomes, and 
97% accuracy for the moderator variables.  
Main effects. When examining all test outcomes combined, post-retrieval 
extinction did not have a significant effect on preventing the return of fear in animals 
relative to standard extinction procedures (g = 0.21, 95% CI [-0.19, 0.60], p = .30; n = 
34).  Individual and aggregate study effect sizes are presented in Figure 2.  When 
examining specific tests of return of fear separately, a moderate effect was observed for 
spontaneous recovery at a trend level (g = 0.45, 95% CI [-0.06, 0.96], p = .08; n = 10).  
No significant effects were found for tests of reinstatement (g = -0.47, 95% CI [-1.45, 
0.51], p = .35; n = 4), renewal (g = 0.34, 95% CI [-0.18, 0.87], p = .20; n = 13), or 
reacquisition (g = 0.17, 95% CI [-0.57, 0.91], p = .65; n = 7).  The overall non-
significant effect of post-retrieval extinction for fear memories in animals and 
inconsistent results across test type prompted the search for potential moderators.  The 
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type of test for return of fear did not significantly moderate overall outcomes (χ2 = 2.30, 
df = 3, p = .51).  As such, outcomes for all tests were grouped together for the moderator 
analyses.   
Moderators. 
Study design.  
Between/within-subject designs. All but one study utilized between-subject 
designs, thus study design was not examined as a moderator.  
Subject characteristics.  
Animal housing conditions. The number of animals housed together significantly 
moderated effects in that larger effects were observed when a smaller number of animals 
were housed together (B = -0.19, SE = 0.05, p < .001, n = 29; Figure 3).  Furthermore, 
mean positive effects were seen for animals housed alone (g = 0.78, p < .05, n = 11) and 
mean negative effects were seen for animals housed together (g = -0.20, p = .40, n = 18; 
B = 0.81, SE = 0.41, p = .05).  Thus the advantage of post-retrieval extinction over 
standard extinction was more evident for animals housed alone.  Animal housing was 
found to explain 30.8% of the variance in effect sizes (Figure 3).  
Conditioning procedures.  
Stimuli. Four comparisons utilized context as the CS (i.e. contextual conditioning) 
and 30 utilized a cue as the CS (i.e. cued conditioning).  No significant differences were 
found in effect sizes between comparisons utilizing context (g = 0.64, p = .22, n = 4) and 
comparisons utilizing cues (g = 0.14, p = .53, n = 30; B = 0.51, SE = 0.57, p = .37).  Of 
the studies utilizing cues as the CS, the majority of studies used an auditory stimulus (i.e. 
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tone, white noise) or a combination of visual and auditory stimuli (i.e. light and tone).  
Only one study used a solely visual CS (i.e. light).  Thus we were unable to examine CS 
type further in our moderator analyses.  
All studies utilized electric shock as the US, thus type of UCS was not examined 
as a moderator.  UCS duration was examined as a moderator and was not found to 
significantly moderate overall outcomes (B = 0.45, SE = 0.31, p = .15, n = 34).  A trend, 
however, was observed indicating that UCS intensity (i.e. shock intensity), which ranged 
from 0.3 mA to 1.5 mA, moderated overall outcomes (B = 1.50, SE = 0.83, p = .07, n = 
34), with larger effects for studies utilizing higher UCS intensity.  After controlling for 
number of animals housed together, however, the moderating effect of UCS intensity was 
no longer at a trend level (p = 0.53). 
Timing of procedures. Amongst studies utilizing cued conditioning, main effects 
were not moderated by number of acquisition trials (B = -0.02, SE = 0.18, p = .90, n = 
30) or number of extinction trials (B = -0.00, SE = 0.01, p = .99, n = 30).  Main effects 
were also not moderated by the duration of the retrieval trial (B = -0.00, SE = 0.00, p = 
.76, n = 34) or the time between retrieval and extinction in the post-retrieval extinction 
group (B = -0.00, SE = 0.00, p = .38, n = 34).  All studies utilized a 100% reinforcement 
schedule, so reinforcement schedule and number of acquisition trials reinforced were not 
examined as moderators.  Thus, variation in acquisition or post-retrieval 
extinction/extinction procedures cannot explain the inconsistent post-retrieval extinction 
findings in animals. 
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With regard to the relative timing of procedures, our analyses were limited by the 
lack of variation in study designs. The time between acquisition and post-retrieval 
extinction/extinction (representing memory age) was most often 24 hours (n = 29), with a 
few comparisons utilizing 48 hours (n = 5).  In comparing aggregate effect sizes for 
comparisons that utilized a 24-hour-old memory (g = 0.32, p = .14) to comparisons that 
utilized a 48-hour-old memory (g = -0.29, p = .53), no significant differences were found 
(B = -0.61, SE = 0.51, p = .24).  This indicates that at least across a short time frame, 
memory age did not influence post-retrieval extinction effects for fear memories in 
animals.   
With regard to time between post-retrieval extinction/extinction and test, about 
half of comparisons tested for return of fear 24 hours after extinction (n = 14).  Some 
tested after a slightly longer delay (24 – 48 hours, n = 4; 48 hours, n = 9; 72 hours, n = 1) 
and six tested after a much longer delay (6 – 30 days).  Effect sizes for the 24-hour and 
48-hour groups did not significantly differ (B = -0.65, SE = 0.41, p = .12).  In comparing 
studies that tested return of fear after a short-delay (24 – 72 hours after post-retrieval 
extinction/extinction) to studies that tested return of fear after a long-delay (6 – 30 days), 
mean effect sizes were small and non-significant for short-delay studies (g = 0.12, p = 
.53, n = 28) but large and significant for long-delay studies (g = 0.78, p < .05, n = 6; B = 
0.66, SE = 0.31, p < .05).  After controlling for number of animals housed together, the 
difference between long-delay and short-delay studies remained significant (B = 1.67, SE 
= 0.63, p < .01).  This may indicate that the advantage of post-retrieval extinction over 
standard extinction is more likely to be observed after a longer period of time has passed. 
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Summary.  Overall, the effect of post-retrieval extinction for preventing the 
return of fear in animals relative to standard extinction was small and non-significant. 
This effect, however, was substantially moderated by animal housing conditions, with 
large and significant effects observed for studies that housed animals alone.  This 
indicates that either solo housing facilitates or group housing interferes with post-
retrieval extinction.  The effect of post-retrieval extinction for preventing the return of 
fear in animals was also moderated by the duration of time between post-retrieval 
extinction/extinction and test in that large and significant effects were observed for 
comparisons involving a test that took place at least 6 days after post-retrieval 
extinction/extinction.  This indicates that post-retrieval extinction effects may be better 
observed across a longer time window.  There was also some indication that UCS 
intensity may influence effects, however this effect was not maintained after controlling 
for animal housing.  Effects were not found to be moderated by test type, CS type 
(context or cued), UCS duration, number of acquisition or extinction trials, or time 
between acquisition and post-retrieval extinction/extinction (24 vs. 48 hrs).  A summary 
of results is presented in Table 4. 
Animal – Appetitive 
The accuracy rate for abstraction of appetitive memory-related effect size data 
was high; with 100% accuracy between abstractors for the memory outcomes, and 95% 
accuracy for the moderator variables.  
Main effects. When examining all outcomes combined, post-retrieval extinction 
had a large significant effect on preventing the return of appetitive responses in animals 
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relative to standard extinction procedures (g = 0.89, 95% CI [0.36, 1.41], p < .001, n = 
13).  Individual and aggregate study effect sizes are presented in Figure 4.  When 
examining specific tests of return of appetitive responses separately, post-retrieval 
extinction had a large significant effect on preventing reinstatement (g = 0.96, 95% CI 
[0.47, 1.45], p < .001; n = 6) and spontaneous recovery (g = 1.00, 95% CI [0.38, 1.63], p 
< .01; n = 5).  Only one study assessed renewal so mean effect sizes are not reported; 
however this individual study reported a large significant effect (g = 1.22, 95% CI [0.21, 
2.24], p < .05; n = 1).  Similarly, only one study assessed reacquisition so mean effect 
sizes are not reported; interestingly, this study reported a large significant negative effect 
(g = -1.02, 95% CI [-2.02, -0.03], p < .05; n = 1).  Test type significantly moderated the 
effects of post-retrieval extinction over extinction in preventing the return of appetitive 
responses (χ2 = 7.85, df = 3, p < .05).  As outlined above, all tests resulted in large 
positive significant outcomes except for reacquisition, which resulted in a large negative 
significant outcome.  Given the small number of comparisons within each test type, 
outcomes for all tests were grouped together for the moderator analyses despite the 
significant moderation of test type.  Removing the one reacquisition study from 
moderator analyses did not change results.   
Moderators. 
Study design.  
Between/within-subject designs. All studies utilized between-subject designs, thus 
study design was not examined as a moderator.  
Subject characteristics.  
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Animal housing conditions.  The number of animals housed together did not 
significantly moderate effects (B = -0.09, SE = 0.12, p = .46, n = 13).  This finding is 
inconsistent with our results for studies of fear memories in animals and may indicate that 
housing conditions uniquely impact the efficacy of post-retrieval extinction for fear 
memories.  
Conditioning procedures.  
Stimuli.  Six comparisons utilized context as the CS and seven comparisons 
utilized cues as the CS.  The mean effect size for the comparisons that utilized context (g 
= 0.46, p = .18, n = 6) did not significantly differ from the mean effect size for the 
comparisons that utilized cues (g = 1.20, p < .001, n = 7; B = -0.75, SE = 0.47, p = .11).  
Of note, when removing the one study that utilized a test of reacquisition as the outcome, 
the mean effect size for studies utilizing context as the CS was large and significant (g = 
0.79, p < .05, n = 5).   There was insufficient variation to examine CS type further.  With 
regard to the US, studies either utilized food pellets or drug injections.  The mean effect 
sizes for both types of unconditioned stimuli were large (food: g = 0.95, p = .06; drug: g 
= 0.86, p < .01) and they did not significantly differ from each other (B = 0.09, SE = 0.59, 
p = .87).  Of note, when removing the one study that utilized a test of reacquisition as the 
outcome, the mean effect size for studies utilizing drug as the UCS was large and 
significant (g = 1.08, p < .001, n = 4).   
Timing of procedures.  There was inconsistency of methods and insufficient 
variation within method for adequate examination of acquisition and extinction 
characteristics.  With regard to the relative timing of procedures, there was also 
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insufficient variability in the time between acquisition and post-retrieval 
extinction/extinction to examine this variable as a moderator.  Consistent with animal 
fear studies, main effects were not moderated by the duration of the retrieval trial (B = 
0.02, SE = 0.05, p = .72, n = 13) or the time between retrieval and extinction in the post-
retrieval extinction group (10 minutes: g = 1.08, p < .01; 60-70 minutes: g = 0.74, p < 
.05; B = -0.34, SE = 0.54, p = .53).  Thus, these variations in post-retrieval extinction 
procedures did not significantly influence effects. 
With regard to time between post-retrieval extinction/extinction and test, about 
half of comparisons tested for return of fear after a short-delay (24 – 72 hours after post-
retrieval extinction/extinction, n = 5) and half tested return of fear after a long-delay (7 – 
28 days, n = 5).  One comparison tested for return of fear across a range of days (1-20 
days) and two others did not report the delay between post-retrieval extinction/extinction 
and test; thus, these comparisons were not included in this moderator analysis.  Mean 
effect sizes were large and significant for both and did not differ between (B = 0.00, SE = 
0.30, p = .99) short-delay (g = 0.93, p < .01, n = 5) and long-delay comparisons (g = 0.94, 
p < .01, n = 5).  In contrast to results from animal fear studies, this suggests that post-
retrieval extinction effects in animal appetitive studies were observed when tested in the 
short- and long-term. 
Summary.  Overall, the effect of post-retrieval extinction for preventing the return 
of appetitive responses in animals relative to standard extinction was large and 
significant. Effects were not found to be moderated by number of animals housed 
together, UCS type (food or drug), CS type (context or cued), duration of retrieval in the 
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post-retrieval extinction group, time between retrieval and extinction in the post-retrieval 
extinction group, or duration of time between post-retrieval extinction/extinction and test.  
There was an inconsistency of methods and insufficient variation within methods for 
adequate examination of other moderators.  A summary of results is presented in Table 4. 
Human – Fear 
The accuracy rate for abstraction of fear memory-related effect size data in 
humans was high; with 97% accuracy between abstractors for the memory outcomes, and 
98% accuracy for the moderator variables.  
Main effects.  When examining all outcomes combined, post-retrieval extinction 
demonstrated a significant, small-to-moderate effect for preventing the return of fear in 
humans relative to standard extinction procedures (g = 0.40, 95% CI [0.11, 0.68], p < 
.01; n = 16).  Individual and aggregate study effect sizes are presented in Figure 5.  Upon 
examination of specific tests of return of fear, post-retrieval extinction had a small-to-
moderate and significant effect on preventing reinstatement (g = 0.42, 95% CI [0.01, 
0.74], p < .01; n = 9).  Aggregate effect sizes for tests of spontaneous recovery, 
reacquisition, and renewal alone were limited by small sample sizes (n ≤ 3 comparisons).  
From the data available, post-retrieval extinction appeared to have a moderate positive 
and significant effect on spontaneous recovery (g = 0.53, 95% CI [0.03, 1.03], p < .05; n 
= 3), a small positive effect on reacquisition (g = 0.36, 95% CI [-0.13, 0.85], p = .15, n = 
3), and a small negative effect on renewal (g = -0.19, 95% CI [-1.00, 0.63], p = .65, n = 
1).  Test type did not significantly moderate the effects of post-retrieval extinction over 
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extinction in preventing the return of fear (χ2 = 3.17, df = 3, p = .37).  As such, outcomes 
for all tests were grouped together for the moderator analyses. 
Moderators. 
Study design. 
Between/within-subject designs.  Eight comparisons were calculated from 
between-subject designs and eight comparisons were calculated from within-subject 
designs.  Study design did not significantly moderate overall outcomes (B = 0.06, SE = 
0.28, p = 0.84).  Both designs resulted in small-moderate effects, however, the aggregate 
effect for between-subject designs was significant (g = 0.43, p < .05, n = 8), while that 
for within-subject designs fell just below significance (g = 0.37, p = .057, n = 8). 
 Participant characteristics.  
Demographics.  The effect of post-retrieval extinction on return of fear in humans 
was not significantly moderated by age (B = 0.04, SE = 0.08, p = 0.61) or gender (B = -
0.01, SE = 0.02, p = .53).  
Conditioning procedures. 
Stimuli. The type of conditioned stimuli utilized varied considerably across 
studies, with eight comparisons from studies utilizing fear-relevant stimuli (e.g. pictures 
of spiders) and eight comparisons from studies utilizing fear-irrelevant stimuli (e.g. 
colored shapes).  The fear relevance of the CS significantly moderated overall outcomes 
with moderate-to-large significant effects found for fear-irrelevant stimuli (g = 0.66, p < 
.001; n = 8) and non-significant near zero effects found for fear-relevant stimuli (g = 
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0.02, p = .86, n = 8; B = -0.64, SE = 0.18, p < .001).  No studies examined context as the 
CS, thus contextual and cued conditioning could not be compared. 
All but one study utilized electric shock as the US, thus type of UCS was not 
examined as a moderator.  Within the studies utilizing electric shock, shock duration 
ranged from 2 msec (Kindt & Soeter, 2013; Soeter & Kindt, 2011) to 500 msec (Agren et 
al., 2012a; Agren et al., 2012b).  Shock duration was found to significantly moderate 
overall outcomes (B = 2.31, SE = 0.58, p < .001, n = 15).  Larger effects were observed 
for studies utilizing longer shock durations; specifically, a 100 msec increase in shock 
duration was associated with an increase in effect size of post-retrieval extinction over 
extinction of 0.23 standard deviation units.  For example, based on the regression slope 
and intercept, the estimated effect size of post-retrieval extinction over extinction for 
individuals who undergo acquisition with a 100 msec shock duration is 0.23, whereas the 
estimated effect size for individuals who undergo acquisition with a 400 msec shock 
duration is 0.92.  While UCS duration was selected by investigators, shock intensity was 
self-selected by participants based on their comfort level, as is typical for human subject 
research of de novo conditioning.  The majority of studies did not report the average 
selected shock intensity, thus it could not be examined as a moderator. 
Timing of procedures.  The effect of post-retrieval extinction on overall outcomes 
was significantly moderated by number of acquisition trials (B = 0.08, SE = 0.03, p < 
.01, n = 16); an additional acquisition trial was associated with an increase in effect size 
of post-retrieval extinction over standard extinction of 0.08 standard deviation units.  For 
example, the estimated effect size of post-retrieval extinction over extinction for 
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individuals who undergo 10 acquisition trials is 0.10, whereas the estimated effect size 
for individuals who undergo 14 acquisition trials is 0.38.  This result was not explained 
by the number or the percentage of reinforced acquisition trials; both of these effects 
were not significant (number of reinforced acquisition trials: B = 0.03, SE = 0.03, p = 
.31, n = 16; percent of reinforced acquisition trials: B = -0.005, SE = 0.006, p = .43, n = 
16).  Hence, the relevant moderator appears to be experience with the CS in the 
acquisition environment rather than the degree of the CS-US contingency; perhaps 
reflecting the ease by which the retrieval cue can activate the conditioning memory.  The 
effect of post-retrieval extinction on return of fear in humans was not moderated by 
number of extinction trials (B = -0.12, SE = 0.08, p =.19, n = 16). 
With regard to the relative timing procedures, all studies conducted post-retrieval 
extinction/extinction 24-hours after acquisition and all studies used a 10 minute delay 
between retrieval and extinction in the post-retrieval extinction group.  There was also 
little variation in the time between post-retrieval extinction/extinction and test, with the 
majority of comparisons conducting the test 24-hours after post-retrieval 
extinction/extinction (n = 13).  Thus, these factors could not be examined as moderators.  
The duration of retrieval in the post-retrieval extinction group varied from 4 seconds to 2 
minutes and did not moderate the effect of post-retrieval extinction on return of fear in 
humans (B = 0.004, SE = 0.003, p =.22, n = 16). 
Expectancy ratings. Three out of the 11 studies included expectancy ratings, two 
of which had participants rate expectancy during procedures and one at the end of 
procedures.   Effect sizes for comparisons from studies with expectancy ratings were 
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nearly zero and non-significant (g = .001, p = .99, n = 7) and significantly differed from 
effect sizes for comparisons from studies without expectancy ratings, which were 
moderate-large and significant (g = .59, p < .001, n = 9; B = -0.59, SE = 0.19, p < .01).  
This may indicate that contingency awareness and possibly the hippocampal-dependence 
of the acquired fear memory influences post-retrieval extinction effects.  
Summary.  Overall, the effect of post-retrieval extinction for preventing the return 
of fear in humans relative to standard extinction was approaching moderate and 
significant.  This effect was substantially moderated by CS type (fear-relevant vs. fear-
irrelevant), UCS duration, number of acquisition trials, and the use of expectancy ratings.  
These results indicate that procedural differences in how the conditioned association is 
acquired may explain some of the variation seen in effect sizes for post-retrieval 
extinction.  The magnitude of effects was not found to be moderated by study design 
(between- vs. within-subject), age of participants, gender of participants, number of 
reinforced acquisition trials, reinforcement schedule, number of extinction trials, or 
duration of the retrieval trial.  There was insufficient variation to examine memory age, 
the time between retrieval and extinction in the post-retrieval extinction group, or the 
time between post-retrieval extinction/extinction and test as moderators.  A summary of 
results is presented in Table 4. 
Publication Bias  
Funnel plots for the effects of post-retrieval extinction in preventing the return of 
appetitive responses in animals and fear responses in humans across all outcomes 
(Figures 6-7) were inspected and observed to be slightly asymmetrical displaying more 
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positive small-study effects than negative small-study effects.  Conservative Trim and 
Fill analyses (Duval & Tweedie, 2000) resulted in imputed effect sizes for the effect of 
post-retrieval extinction over extinction on the return of appetitive response in animals 
(Figure 8).  This suggests that the aggregate effect size for appetitive studies in animals 
may be influenced by publication bias, however, even with adjustment the effect size is 
still estimated to be moderate-to-large.  No adjustment to the effect of post-retrieval 
extinction over extinction on the return of fear in humans was suggested by the Trim and 
Fill analyses.  This suggests that the aggregate effect size for fear studies in humans is 
likely not influenced by publication bias.  It is important to consider that funnel plot 
asymmetry may be due to factors other than publication bias and because of this, the 
Trim and Fill method may lead to overcorrection (Vevea & Woods, 2005). 
Discussion 
Main Effects of Post-Retrieval Extinction 
 Although two meta-analyses have been published examining pharmacological 
methods to interfere with memory reconsolidation, the current meta-analysis is, to our 
knowledge, the first to examine post-retrieval extinction, a behavioral method to interfere 
with memory reconsolidation. Forty-seven studies provided a total of 63 comparisons 
between post-retrieval extinction and standard extinction outcomes.  Overall, post-
retrieval extinction, compared to standard extinction, has a large significant effect in 
preventing the return of appetitive responses in animals (g = 0.89, p < .001, n = 13), and 
approached a moderate effect in preventing the return of fear in humans (g = 0.40, p < 
.01; n = 16).  These effect sizes compare well to the pharmacologic reconsolidation 
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blockade literature, with pharmacologic effect sizes (i.e. advantage of study drug over 
placebo) in the moderate range for both appetitive responses in animals (d = 0.47, Das et 
al., 2013) and fear response in humans (g = 0.56, Lonergan et al., 2013).  In contrast to 
these strong effects, the overall effect size for post-retrieval fear extinction in animals, the 
paradigm that initiated research in this area (Monfils et al., 2009), was small and non-
significant (g = 0.21, p = .30; n = 34). 
 We were not able to identify moderators that were significant across paradigms 
(animal fear, human fear, and animal appetitive).  Different moderators were identified 
for post-retrieval extinction findings in animal and human fear studies, and no moderators 
were identified for appetitive conditioning models in animals.  Nonetheless, as is 
discussed below, there are theoretical reasons why moderators may have different effects 
across these paradigms.  These paradigm-specific moderators have the potential to clarify 
some of the boundary conditions for post-retrieval extinction effects and to suggest new 
directions in research.  
Moderators of Post-Retrieval Extinction Effects in Animals 
  The wide variability in effect-size estimates for post-retrieval extinction effects on 
conditioned fear in animals (ranging from g = 3.4 to –2.3) motivates the search for 
moderators to explain these variable results.  Although we were unable to explain 
discrepant results in terms of test type, type of CS (context vs. cued), UCS duration, 
number of acquisition or extinction trials, duration of retrieval, time between retrieval and 
extinction, or time between acquisition and post-retrieval extinction/extinction; two 
variables emerged as significant moderators: (1) number of animals housed together, and 
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(2) time between post-retrieval extinction/extinction and test.  Shock intensity also 
emerged as a trend level moderator. 
Consideration of the number of animals housed together explained over 30% of 
the variance in effect sizes for preventing the return of fear in animals.  Specifically, for 
animals housed alone the mean effect size for the advantage of post-retrieval extinction 
over standard extinction was large and positive, whereas for animals housed in groups, 
the mean effect size was small and negative.  Research on “social buffering” effects, 
which occur when animals undergo fear conditioning or extinction in the presence of 
conspecifics (Guzman et al., 2009; Hunter, 2014; Kiyokawa, Takeuchi, & Mori, 2007; 
Nowak, Werka, & Knapska, 2013), provides a potential explanation for this moderation.  
Specifically, fear conditioning of animals in pairs and paired-housing of animals 
following conditioning have been shown to attenuate conditioned fear expression and 
result in the lack of neural responses (Fos expression) in certain areas of the amygdala 
(i.e. lateral amygdala for paired conditioning and basal amygdala for paired-housing), 
potentially resulting in interference with consolidation or leading to extinction processes 
(Kiyokawa et al., 2007).  Likewise, strategies targeting interference with reconsolidation 
in animals aim to block protein synthesis in the basolateral amygdala (Nader et al., 2000) 
and a recent neuroimaging study in humans suggests that post-retrieval extinction results 
in decreased activation in the basolateral amygdala (Agren et al., 2012a).  It is unclear 
whether these two processes (i.e. social buffering and post-retrieval extinction) are 
redundant or conflicting, however, this research indicates that group housing of animals 
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may not only influence fear conditioning processes, but may also modulate areas of the 
brain that are key to reconsolidation interference strategies.    
There is also some evidence that the impact of group housing may depend on the 
behavior of the conspecifics; a recent study demonstrated that housing with a fearful cage 
mate is associated with robust renewal of freezing after previous successful extinction 
(Nowak et al., 2013).  Thus, it is also possible that group housing facilitated return of fear 
in both post-retrieval extinction and extinction-only groups.  In addition, paired housing 
in particular has also been shown to dampen the HPA-axis stress response to threat 
(Hostinar, Sullivan, & Gunnar, 2014; Kiyokawa et al., 2007), which could influence 
extinction and/or post-retrieval extinction processes.  Likewise, individual housing of rats 
has also been associated with increased reactivity to stress (Bartolomucci et al., 2003) 
and changes in fear conditioning processes (Voikar, Polus, Vasar, & Rauvala, 2005).  
Although the specific mechanism is unclear at this time, our meta-analytic results 
introduce housing conditions as an important moderator of post-retrieval extinction 
effects in animals, and suggest that this variable should be carefully evaluated in future 
study designs. 
The effect of post-retrieval extinction on preventing the return of fear in animals 
was also significantly moderated by the duration of time between post-retrieval 
extinction/extinction and test.  Studies testing return of fear after a long delay (6-30 days) 
demonstrated large and significant effects whereas studies testing return of fear after a 
short delay (1-3 days) demonstrated small and non-significant effects.  This may indicate 
that the advantage of post-retrieval extinction over extinction is better observed over a 
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longer time frame.  Yet, this was not observed in animal appetitive studies.  Additional 
research is needed as few studies manipulated the time between post-retrieval extinction 
and test.   
Moderators of Post-Retrieval Extinction Effects in Humans 
 Concerning findings for human fear studies, our moderator analyses also provide 
insight into potential boundary conditions of post-retrieval extinction effects.  Our results 
are in line with the general hypothesis that variables influencing presumed memory 
strength will moderate the efficacy of post-retrieval extinction (Auber et al., 2013; 
Schwabe & Wolf, 2009).  For example, a greater number of acquisition trials and longer 
duration of shocks were both associated with a greater advantage of post-retrieval 
extinction over standard extinction in human fear studies.  It is especially noteworthy that 
two of the four human studies that displayed negative or null results (Kindt & Soeter, 
2013; Soeter & Kindt, 2011) utilized a shock duration of 2 msec, which is 1% of the 
duration which was used by Schiller et al. (2010), who used 200 msec, to initiate 
exploration of post-retrieval extinction in humans.  Although these findings are contrary 
to the hypothesis that post-retrieval extinction would prove to be less effective for 
stronger memories (Suzuki et al., 2004; Wang et al., 2009), it is consistent with the notion 
that these conditions represent greater challenges for standard extinction.  We did not 
find, however, that the reinforcement schedule during acquisition, another factor which 
could presumably impact memory strength, moderated post-retrieval extinction effects.    
These moderation effects may also be related to the nature of the fear learning that 
occurs.  According to a dual-model theory of de novo conditioning, some fear learning is 
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implicit and relies on lower-order mechanisms (i.e. amygdala-based) that are rapid and 
automatic whereas other fear learning is explicit and relies on higher-order mechanisms 
(i.e. hippocampus-based) that are slow and deliberate (Grillon, 2009).  It is possible that 
longer shock duration improves the likelihood of lower-order conditioning processes and 
a more amygdala-based fear.  This is consistent with research suggesting that the use of 
more intense UCS leads to implicit fear learning (Bridger & Mandel, 1964).  Thus, it 
could be that more potent acquisition results in a more amygdala-dependent fear 
providing a greater opportunity for benefit from amygdala-based, post-retrieval extinction 
effects.  This may imply that post-retrieval extinction would be beneficial for more 
automatic amygdala-based clinical fears rather than ones formed through more conscious 
processes.   
Consistent with this hypothesis, we found some support for moderation of post-
retrieval extinction by the degree of hippocampal-dependence of a memory (Ishii et al., 
2012).  One marker of some degree of hippocampal-dependence is declarative awareness 
of the contingency between the CS and UCS (Bechara et al., 1995; Weike et al., 2007).  
Few studies in our meta-analysis utilized expectancy ratings, preventing direct analysis of 
this variable.  However, some have hypothesized that the act of completing expectancy 
ratings during acquisition trials encourages participants to identify the contingency 
between the CS and UCS (Warren et al., 2014).  Here we found that the use of 
expectancy ratings significantly moderated the effects of post-retrieval extinction on 
return of fear in humans, with more favorable outcomes for studies that did not involve 
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expectancy ratings, suggestive of greater benefit for non-hippocampal dependent 
memories.   
In contrast to human studies, fear conditioning in rodents is thought to be 
dominated by lower-order subcortical automatic processes and has been suggested to lead 
to stronger fears compared to fear conditioning in humans (Grillon, 2009), perhaps 
attenuating the effects of variations in fear acquisition characteristics for rodents.  
Accordingly, we found no evidence for number of acquisition trials and shock duration 
and only trend level evidence for shock intensity moderating post-retrieval extinction 
effects in animal fear studies, with this trend no longer being evident when variation due 
to animal housing conditions was controlled. Also, we found that no significant 
differences in effects were observed for cued and contextual conditioning in animal 
studies of fear or appetitive memories; comparison of cued and contextual conditioning is 
another method of examining whether the hippocampal-dependence of a memory 
moderates post-retrieval extinction effects (Phillips & LeDoux, 1992).  Nonetheless, only 
a few studies of contextual conditioning in animals were conducted, and no studies of 
post-retrieval extinction for contextual fear memories have been published in humans.  
Accordingly, a fuller perspective on the role of hippocampal dependence in humans 
awaits further research.  
 We also found that the effect of post-retrieval extinction on return of fear in 
humans was significantly moderated by the fear-relevance of the CS in that significant 
post-retrieval extinction advantages were observed for fear-irrelevant stimuli, but not 
fear-relevant stimuli.  It is not clear whether this is an effect of stronger conditioning with 
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fear-relevant stimuli (Mineka & Ohman, 2002), or whether pre-existing associations with 
fear-relevant stimuli changes the nature of reconsolidation effects.  Humans are more 
likely to develop fear towards objects that pose a threat to survival (i.e. preparedness, 
Mineka & Ohman, 2002).  Research suggests that the fear network can be automatically 
activated (without conscious awareness) by fear-relevant stimuli (Mineka & Ohman, 
2002), suggesting that fear-relevant stimuli hold pre-existing negative associations.  
Thus, it is possible that fear-relevant stimuli may present a more diffuse target for post-
retrieval extinction and that previous associations with these real-world stimuli may 
insulate the fear memory from erasure.  Regardless of mechanism, this finding does raise 
questions about the applicability of post-retrieval extinction to anxiety disorders where 
fear-relevant (e.g. spiders) rather than fear-irrelevant stimuli (e.g. shapes) may be feared.  
Yet, it is important to consider that only four studies using fear-relevant stimuli were 
conducted and further confirmation of these findings is needed.  More generally, 
additional research is needed to examine how different aspects of memory strength and 
relevance of the stimulus materials may influence post-retrieval extinction effects. 
 Through our moderator analyses, we also observed that some variables did not 
impact post-retrieval extinction effects in humans.  Notably, age and gender did not 
moderate post-retrieval extinction effects.  This is interesting given that differences in 
fear extinction have been observed between men and women and research suggests that 
sex hormones may influence extinction processes (Milad et al., 2010).  We were unable, 
however, to examine sex across the animal studies because all studies utilized male 
animals.  This is a limitation of the animal literature at large (Beery & Zucker, 2011), 
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although researchers are beginning to examine fear extinction specifically in female rats 
across stages of the menstrual cycle (Milad, Igoe, Lebron-Milad, & Novales, 2009b).  
Similar examination in post-retrieval paradigms is warranted.  With regard to age as a 
moderator of post-retrieval extinction effects, our analyses were limited by the small age 
range of subjects in the present studies.  As research has suggested that extinction 
processes may vary across development, particularly in adolescence (Pattwell et al., 
2012), future research on the impact of age and developmental phase on post-retrieval 
extinction effects is needed.   
Variability in effect sizes was also not explained by variations in extinction or 
post-retrieval extinction procedures across studies (i.e. number of extinction trials, 
duration of retrieval, time between retrieval and extinction).  Given that number of 
extinction trials did not moderate outcomes, it is unlikely that null post-retrieval 
extinction effects are due to the extinction only group catching up with the post-retrieval 
extinction group, a phenomenon that has disguised the effects of other translational 
research paradigms (Siegmund et al., 2011). Evidence of return of fear in both the 
extinction and post-retrieval extinction conditions in null studies (e.g. Golkar et al., 2012; 
Kindt & Soeter, 2013) is also inconsistent with the notion of a floor effect due to strong 
fear elimination in both groups.  All studies conducted extinction within the presumed 
reconsolidation window, thus it is not surprising that we did not see an effect of time 
between retrieval and extinction.  Lastly, the boundary between extinction and 
reconsolidation is thought to depend on the duration of retrieval, with long retrieval 
leading to extinction processes and short retrieval leading to reconsolidation processes 
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(Suzuki et al., 2004).  This, however, was not seen to be a moderator of effects here, 
potentially due to all studies utilizing relatively short retrieval trials.  More research is 
needed to explore neurobiological distinctions between extinction and post-retrieval 
extinction and the boundary between these two processes.  
Limitations 
One limitation of this meta-analysis is that we were unable to examine thoroughly 
the proposed potential boundary condition of memory age (Inda, Muravieva, & Alberini, 
2011).  The time between acquisition and post-retrieval extinction/extinction procedures 
was rarely manipulated.  Thus, we were only able to compare 24-hour- and 48-hour-old 
memories for animal fear studies, for which no differences in post-retrieval extinction 
effects were observed.  In addition, in order to increase the homogeneity of the sample, 
the one study examining 30-day-old memories (Costanzi et al., 2011) was excluded and 
the range of memory age represented in our studies was limited to within 7 days.  Future 
studies should aim to manipulate the time between acquisition and post-retrieval 
extinction in order to examine the efficacy of post-retrieval extinction for older 
memories.  Exploration of memory age is especially important given that the majority of 
PTSD patients come into treatment many years after experiencing a trauma (Wang et al., 
2005).  In addition, we were unable to examine the effects of post-retrieval extinction on 
return of appetitive responses in humans as only one such study (which failed to meet our 
inclusion/exclusion criteria) was conducted (Xue et al., 2012).  Furthermore, we did not 
observe moderation effects for any of the variables we examined (test type, animal 
housing, CS type, UCS type, duration of retrieval, time between retrieval and extinction 
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in the post-retrieval extinction group, and time between post-retrieval 
extinction/extinction and test) for the effects of post-retrieval extinction on appetitive 
memories in animals.  Given strong overall effects for animal studies of appetitive 
memories, further application of post-retrieval extinction to appetitive memories—for 
example, to interfere with the reconsolidation of drug-associations in the treatment of 
substance dependence—is encouraged.  Lastly, although we were able to examine 
features of acquisition and extinction design, due to a lack of information, we were 
unable to examine whether mean levels or variability in acquisition or extinction (i.e. 
actual levels of freezing or SCR response during acquisition/extinction) influenced the 
effect of post-retrieval extinction over extinction.  Future research in this area should 
report this information.   
Clinical Research Applications 
Overall, this meta-analysis provides strong support for the efficacy of post-
retrieval extinction in preventing the return of appetitive memories in animals and fear 
memories in humans.  Given these findings, continued translation from the animal 
conditioning laboratory to human conditioning laboratory is warranted.  In addition, in 
humans, careful translation of this work to controlled experiments with clinical 
populations should be explored.  As noted, the size of effects across studies compares 
well to the pharmacologic reconsolidation blockade literature.  There has already been 
translation of pharmacologic reconsolidation blockade strategies to the clinic.  
Specifically, a placebo controlled trial of post-retrieval administration of the B-adrenergic 
blocker, propranolol, in patients with chronic posttraumatic stress disorder indicated 
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significantly less physiologic reactivity in the propranolol group upon exposure to mental 
imagery of their traumatic event one week later (Brunet et al., 2008). This study was 
followed by three open trials combining propranolol and six brief trauma reactivation 
sessions for patients with posttraumatic stress disorder, with results reflecting large 
symptom improvements over time (Brunet et al., 2011). These effects await replication, 
but suggest promise for the application of pharmacologic reconsolidation strategies to 
anxiety and traumatic stress-related disorders.  Likewise, given the effect size estimates 
from the present analysis, similar translation of behavioral post-retrieval extinction 
strategies to the clinic is encouraged.   
In the case of substance use disorders/appetitive memories, translation of post-
retrieval extinction strategies to the clinic has already started.  Xue and colleagues (2012) 
applied the post-retrieval extinction paradigm in heroin addicts by using a 5 minute video 
of scenes of heroin smoking and injection as the retrieval cue.  They randomized patients 
to watch a neutral video or the heroin-cue video followed by 60 minutes of exposure 
therapy (exposure to pictures, videos, and handling of drug-use material) ten minutes 
later.  Consistent with effect sizes for appetitive conditioning in animals, cue-induced 
heroin craving was significantly lower in the post-retrieval extinction group 1, 30, and 
180 days after completion of exposure therapy.  This result is especially noteworthy 
given limitations in standard exposure-based approaches to substance abuse (Conklin & 
Tiffany, 2002).  Although this initial study is promising, additional work with substance-
using populations is needed that further translates post-retrieval extinction to the clinic 
and examines outcomes such as relapse rates. 
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In summary, results of this meta-analysis provide strong encouragement for the 
evaluation of the potential clinical benefits of providing retrieval cues as a prelude to 
exposure interventions for anxiety, traumatic stress, and substance use disorders.  
Preclinical studies suggest that provisions of these cues may offer an advantage in terms 
of attenuating the return of fear and appetitive responses targeted by exposure 
procedures.  Accordingly, there is a potential for the translational research application of 
post-retrieval extinction to improve outcomes for one of the stronger empirically-
supported treatment strategies is the field — exposure-based cognitive behavioral therapy 
(Hofmann & Smits, 2008; McHugh et al., 2009; Olatunji et al., 2010). 
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Chapter 3. Who is Studied in De Novo Fear Conditioning Paradigms? 
An Examination of Demographic and Stimulus Characteristics Predicting Fear 
Learning 
De novo fear conditioning is a commonly used procedure for investigating the 
etiology, maintenance, and treatment of anxiety disorders (Milad et al., 2014). In this 
procedure, a neutral stimulus (conditioned stimulus; CS+) is repeatedly paired with an 
aversive stimulus, such as a mild, electric shock (unconditioned stimulus; UCS), during 
acquisition. Evidence of successful conditioning is demonstrated when presentation of 
the CS+ produces a conditioned response, such as an increase in skin conductance (SC), 
when the UCS is no longer presented. This is often evaluated by comparing the 
magnitude of SC responses (SCRs) to the CS+ with SCRs to a stimulus (CS-) never 
paired with the UCS.  
The fact that a substantial percentage of individuals fail to acquire a conditioned 
SCR is a challenging issue for fear conditioning researchers. At times, the rate of failure 
can approach 40% or more of the sample (e.g., Agren et al., 2012; Guastella et al., 2007; 
Otto et al., 2014; Schiller et al., 2013; Steinfurth et al., 2014). This makes subject 
recruitment more difficult and limits representativeness of samples. Acquisition of 
conditioned fear responses can vary as a function of participant characteristics, with 
evidence for significantly decreased conditioned differential SCR among those with less 
education (Rosenbaum et al., 2015). Race is an additional factor, as lower rates of 
conditioned SCRs have been observed for African American, compared to non-African 
American, participants (Kredlow et al., 2017).  
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Meta-analyses suggest that the type of aversive stimulus (e.g., loud noise, 
aversive odor, painful pressure to the finger) used as the UCS does not significantly 
affect acquisition of a conditioned fear response (Lissek et al., 2005). However, 
comparisons between studies may mask specific interactive effects between populations 
and the aversive stimulus used as the UCS. For example, Lissek and colleagues (2008) 
found that using critical facial and verbal feedback as the UCS resulted in conditioned 
fear in social phobic, but not healthy individuals. This finding presumably reflects greater 
emotional sensitivity to the UCS in the socially anxious sample. Studies with children 
have used loud sounds, unpleasant photographs, and air puffs as UCSs, as ethical 
concerns constrain the use of more aversive stimuli (e.g., shock; Lau et al., 2008). Such 
alternative UCSs may tend to provoke minimal fear and thereby make conditioned 
responses more challenging to achieve. For this reason, Lau and colleagues (2008) 
developed and tested a protocol that involved the pairing of a facial photograph with a 
shrieking scream noise as the UCS, positing that this compound stimulus would be more 
effective and ecologically valid. The face-scream UCS produced better differential fear 
conditioning than other UCSs in healthy and anxious children. In addition, Lau and 
colleagues (2008) found that the face-scream UCS was well tolerated as assessed by 
dropout rates. 
In the current study, we first examine whether previously identified demographic 
factors (Kredlow et al., 2017; Rosenbaum et al., 2015) predict failure to acquire a 
differential conditioned SCR. We next examine whether enhancing the UCS by 
combining it with a secondary UCS or increasing its duration influences acquisition of a 
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differential conditioned SCR. We hypothesized that using a compound UCS and 
lengthening the UCS duration would both increase the acquisition of differential 
conditioned SCRs. 
Methods 
Participants 
 Participants consisted of healthy adults recruited from the Boston University 
undergraduate population (n = 112) and the community (n = 42), and anxious adults 
recruited from the community and a treatment clinic (n = 137). Individuals were excluded 
if they were taking medications that potentially could influence SC or conditioned fear. 
Specifically, individuals taking anticholinergic medications, clonidine, or 
benzodiazepines; and individuals not on a stable dose, or on an as-needed dose, of other 
psychotropic medications were excluded. Individuals with medical conditions that 
contraindicated fear conditioning procedures (e.g., severe heart disease, pregnancy) were 
also excluded. In addition, anxious participants were required to have greater than mild-
to-moderate anxiety symptom severity as assessed by a Beck Anxiety Inventory score 
(Beck & Steer, 1990) above 15, or score on the Fear Questionnaire above 37 (Marks & 
Mathews, 1979). Anxious participants were also excluded if they: 1) met Diagnostic and 
Statistical Manual of Mental Disorders-5 (DSM-5) criteria for past or present bipolar or 
psychotic disorder, or substance-related disorder in the last three months (other than 
caffeine or nicotine use disorder); 2) endorsed current suicidality, homicidality, or self-
destructive acts or urges; or 3) engaged in exposure therapy the week prior to, or during, 
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study procedures. Participants were asked to refrain from caffeine and nicotine use for 
two hours prior to their study visits. 
Study Design 
All procedures were approved by the Boston University Institutional Review 
Board. Participants completed a brief screening interview; eligible individuals then 
provided informed consent.  Healthy participants were randomized to one of four fear-
conditioning procedures as represented by a 2X2 factorial combination of shock duration 
and presence of a compound UCS: 1) a 500-msec shock (n = 39); 2) a 1000-msec shock 
(n = 38); 3) a 500-msec shock and concurrent scream noise (n = 38); or 4) a 1000-msec 
shock and concurrent scream noise (n = 39). All anxious participants received fear-
conditioning with a 500-msec shock and concurrent scream noise as the UCS. Hence, 
only the healthy participants who were randomized to one of the four conditions 
contributed to the analyses of UCS characteristics. All participants contributed to 
demographic predictors of conditioning and anxiety status was used as a covariate. All 
other aspects of the assessment procedure were the same across participant groups as 
described below.  
Fear Conditioning Procedures 
Conditioned stimuli. Colored shapes (CS+ yellow circle, CS- white square) were 
used as the conditioned stimuli. The shapes were displayed on a computer monitor 
positioned 4 feet in front of the participant.  
Unconditioned stimuli. The electric shock was set to an intensity level that the 
participant deemed to be "highly annoying but not painful" (0.2 - 4.0 mA) using the 
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duration (500-msec or 1000-msec) that corresponded with the participant’s 
randomization. The shock intensity selection procedures were consistent with those 
previously described (Otto et al., 2007). The shock was generated by a Coulbourn 
Transcutaneous Aversive Finger Stimulator (Coulbourn Instruments, 2016) and delivered 
through electrodes attached to the second and third fingers of the participant’s dominant 
hand. The scream noise was obtained from a lab which conducted fear conditioning 
studies in children with anxiety disorders (Lau et al., 2008). The scream was 95 dB, 1 s in 
duration, and delivered through headphones at approximately the same time as the shock.  
Conditioning context. All procedures took place in a sound-attenuated and 
electronically-shielded room. Participants were read a standard set of instructions that 
indicated that they “may or may not” see colored shapes and “may or may not” receive 
electric stimulation and/or hear an uncomfortable noise. Participants were attached to the 
shock electrodes and wore headphones throughout the experiment regardless of their 
randomization group. Participants were instructed to pay attention to the computer screen 
and try to figure out the relationship between the visually presented stimuli and the 
electric stimulation/noise.  
Conditioning procedure. Participants completed a 5-min baseline recording 
period followed by habituation, which consisted of 5 CS+ and 5 CS- unreinforced 
presentations. Following habituation, the acquisition procedure consisted of 10 CS+ and 
10 CS- presentations. The CS duration was 8 s and the inter-trial interval was 11 +/- 1 s. 
Acquisition followed a 60% partial-reinforcement schedule, i.e., 6 of the 10 CS+ 
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presentations were followed by the shock. For Groups 3 and 4, the concurrent scream 
noise was played on 5 of the 6 reinforced trials.  
Assessments 
Psychophysiological assessment. A Coulbourn Lablinc V, Human Measurement 
Modular Instrument System (Coulbourn Instruments, 2016) was used to measure SC 
level (SCL). Two 8-mm electrodes were filled with isotonic paste and attached to the 
hypothenar surface of the non-dominant hand per published guidelines (Fowles et al., 
1981). Before beginning each study session SCLs were checked to ensure that they were 
within the appropriate range and responsive to a challenge test (e.g., serial 7s). If this was 
not the case, electrodes were replaced and levels and responsivity were re-evaluated.  
Self-report questionnaires. Information about age, gender, educational 
attainment, ethnicity, and race was obtained from participants.  
Outcomes 
Primary outcome. To assess the impact of demographic factors and UCSs on 
conditioned SCRs, our primary analyses targeted the dichotomous outcome of acquiring, 
or not acquiring, a differential SCR. A SCR for each CS presentation was calculated by 
subtracting the mean SCL during the 2-s interval immediately preceding CS onset from 
the peak SCL during the CS interval. Evidence of a conditioned SCR was defined as an 
average differential SCR (CS+ minus CS-, untransformed) larger than 0.1 µS across all of 
acquisition. This response threshold is consistent with that used in previous studies (e.g., 
Fricchione et al., 2016; Kredlow et al., 2017; Otto et al., 2014).  
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Secondary outcomes. In order to better understand the impact of the different 
UCSs on fear conditioning, we examined two continuous variables as secondary 
outcomes: 1) the average differential SCR, calculated by subtracting the average SCR 
(square root transformed) across all CS- acquisition trials from the average SCR (square 
root transformed) across all CS+ trials, with follow up tests to examine each component 
(CS+ and CS-), and 2) the average magnitude of SCRs to the UCSs, calculated by 
subtracting the mean SCL during the last 2 s of the CS+ interval from the peak SCL 
during the 6-s interval following the UCS offset (Orr et al., 2000).  
Statistical Analyses 
Demographic predictors of SCR conditioning. We conducted a series of 
logistic regression analyses to examine the significance of demographic predictors 
identified in previous studies (Kredlow et al., 2017; Rosenbaum et al., 2015). The 
dependent variable was the dichotomous outcome of acquiring or not acquiring a 
differential SCR during acquisition. The predictors examined were age, gender, education 
(completed vs. did not complete college), and race (African American vs. not-African 
American). Individuals who identified as half African American and half another race (n 
= 2) were coded as African American. Anxiety status (healthy vs. anxious) was included 
as a covariate.  
Effect of UCS on SCR conditioning. Data from the healthy participants (n = 
154) were used to examine whether the compound UCS and/or shock duration influenced 
SCR conditioning. The respective UCS groups were compared on demographic variables 
and shock intensity selection. Logistic regression (for primary outcomes) and ANOVA 
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(for secondary outcomes) were used to compare the main and interaction effects of a 
compound vs single UCS and 500-msec vs 1000-msec shock duration on the primary and 
secondary outcomes. Significant predictors of conditioning from the demographic 
analyses were used as covariates in these analyses.  
Results 
Demographic Predictors of SCR Conditioning 
Preliminary analyses and exclusions. Participants’ data were excluded from 
analyses if they displayed unmeasurable SCLs3 (n = 2) or were not responsive to the 
UCS4 (n = 4) two known factors that preclude the use of SC data (for definitions see 
Kredlow et al., 2017). Seven participants were also excluded from analyses because they 
withdrew from the study midway through the habituation or acquisition phase; four 
participants’ data were unusable due to equipment failure. In total, 274 participants’ data 
were included in the analyses of demographic predictors of conditioning. 
Participant characteristics. The mean age of participants was 24 years (SD = 
9.7, range 18-64). Most participants were female (65%, n = 177) and were non-Hispanic 
(90%, n = 246) and a minority had completed college (28%, n = 77). Forty-three percent 
of participants identified as White (n = 118), 39% identified as Asian (n = 108), 6% 
identified as Black or African American (n = 16), 5% identified as more than one race (n 
= 13), and 7% identified as other (n = 19).  
                                                     
3 Unmeasurable SCL was defined as a mean SCL (untranformed) of less than 0.5 microS 
during the 2 s pre-stimulus period across CS+ trials during acquisition. 
4 Individuals with a mean unconditioned SCR (untransformed) of less than 0.1 microS 
were considered to be non-responders. 
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Primary outcome. We first conducted logistic regression analyses with anxiety 
status as a covariate and each demographic predictor considered individually. Race 
significantly predicted failure to acquire a differential conditioned SCR (p < .05) and age 
predicted failure to acquire a differential conditioned SCR at a trend level (p = .06), 
while education (p = .31) and gender (p = .25) did not. Anxiety status alone was also not 
predictive of failure to acquire a differential SCR (p = .26). The direction of these effects 
suggested poorer conditioning for older participants and those who identified as African 
American. A forward stepwise logistic regression analysis that included anxiety status 
and all demographic predictors was significant (Model χ2(1)= 4.80, p < .05) and correctly 
classified 55.3% of participants. Race was the only significant non-redundant predictor of 
failure to acquire a differential conditioned SCR (Wald = 4.29, p < .05). The odds of 
failing to acquire a differential conditioned SCR was 3.07 more likely in participants who 
identified as African American, compared to participants who identified as non-African 
American. Seventy-two percent (13/18) of African American participants failed to 
evidence a differential conditioned SCR, compared to 46% (118/256) of non-African 
American participants.  
Effect of UCS on SCR Conditioning  
Preliminary analyses and exclusions. In total, 143 of the 154 healthy 
participants who were part of the study that involved randomization to one of the four 
UCS conditions were included in the following analyses. Participants’ data were 
excluded from analyses if they displayed unmeasurable SCLs (n = 1) or were non-
responsive to the UCS (n = 3) as described above. Five participants were also excluded 
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from analyses because they withdrew from the study midway through the habituation or 
acquisition phase; two participants’ data were unusable due to equipment failure.  
Preliminary analyses. Preliminary analyses evaluated two potential confounds, 
the shock level selected by participants and differential SCR during habituation. Factorial 
ANOVA indicated that participants who were later randomized to receive the compound 
UCS had selected a higher shock intensity level (M = 1.92, SD = 0.83), compared to 
participants who were later randomized to the single UCS (M = 1.65, SD = 0.53; F(1, 
138) = 5.14, p < .05). Because shock intensity might influence the acquisition of 
conditioned fear, all participants in the compound UCS group who had selected the 
highest shock intensity (4.0 mA, n = 8) were removed from analysis to equate the study 
groups. This led to almost identical mean shock intensities for the resulting compound (n 
= 65) and single (n = 70) UCS groups (M = 1.66 and 1.65 mA, respectively), with no 
significant differences remaining in the factorial ANOVA analysis of shock intensities. 
Preliminary analyses indicated there were no main or interactive effects for the UCS 
conditions (single vs compound UCS or 500 vs 1000-msec shock) on differential SCR 
during the habituation phase (ps > .74). Hence, with the adjustment for shock intensity, 
there were no pre-existing differences to confound the evaluation of acquisition SCRs. 
Participant characteristics. Table 5 presents demographic characteristics for the 
four groups, with no significant differences evident for any of the demographic factors 
examined. In brief, the mean age of participants was 23 years (SD = 9.8, range 18-64). 
The majority of participants were female (59%, n = 80), had completed some college 
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(70%, n = 95), identified as non-Hispanic (93%, n = 125), and either Asian (44%, n = 60) 
or White (43%, n = 58).  
Primary outcome. Results of logistic regression showed that participants who 
received the compound UCS were significantly more likely to acquire a differential 
conditioned SCR during the acquisition phase (62%, 40/65), compared to participants 
who received the single UCS (34%, 24/70; Wald = 9.64, p < .01). The odds of acquiring 
a differential conditioned SCR was 3.11 times more likely for participants in the 
compound UCS group. Participants who received the 1000-msec shock (44%, 29/66) 
were not more likely to acquire a differential SCR, compared to participants who 
received the 500-msec shock (51%, 35/69; Wald = 0.69, p = .41). The interaction effect 
between the two factors (single vs compound UCS, 500 vs 1000-msec shock) also was 
not significant (Wald = 1.12, p = .29).  
Secondary outcomes. 
Differential SCR. Participants who received the compound UCS did not display a 
larger mean differential SCR, compared to participants who received the single UCS 
(F(1,130) = 2.26, p = .14). Although not reaching significance, the small effect size (d = 
.26) did favor the compound UCS group. In examining the distribution of the data, two 
outliers were identified in the compound UCS group with negative differential SCRs. 
When we examined ordinal data using a Mann-Whitney test, thereby minimizing the 
effect of the outliers, participants who received the compound UCS displayed 
significantly larger mean rank differential SCR, compared to participants who received 
the single UCS (U = 1740, p < .05).  Follow-up tests to separately examine SCRs to CS+ 
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and SCRs to CS- revealed that the compound UCS resulted in significantly larger SCRs 
to both the CS+ (F(1, 130) = 11.64, p < .001, d = .60) and the CS- (F(1,130) = 6.22, p < 
.05; d = .43), compared to the single UCS. Participants who received the 500-msec shock 
did not display a larger mean differential SCR compared to participants who received the 
1000-msec shock (F(1,130) < 1, p = ns). The effect size was small (d = 0.12) and in favor 
of the 500-msec shock group; it remained non-significant when examining ordinal data 
(U = 1996, p = .22). Follow up tests revealed that the 500-msec shock resulted in a 
significantly larger SCR to both the CS+ (F(1, 130) = 7.13, p < .01, d = .47) and CS- 
(F(1,130) = 6.53, p < .05; d = .44), compared to the 1000-msec shock. There was no 
interaction between the two factors (single vs compound UCS, 500 vs 1000-msec shock) 
in predicting differential SCR (F(1,130) < 1, p = ns). 
Magnitude of unconditioned SCR. Magnitude of the unconditioned SCR did not 
differ for participants who received the compound versus single UCS (F(1,130) = 2.48, p 
= .12). The effect size was small (d = 0.27) and favored larger responses with the 
compound UCS. The magnitude of unconditioned SCR also did not differ for participants 
who received the 500 vs 1000-msec shock (F(1,130) = 1.50, p = .22). The effect size was 
small (d = .21) and favored larger responses in the 1000-msec shock group. There was 
also no interaction between the two factors (single vs compound UCS, 500 vs 1000-msec 
shock) in predicting the unconditioned SCR (F(1,130) < 1, p = ns).  
A summary of results for UCS effects on SCR conditioning can be found in Table 
6. 
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Tolerability. Of the five participants who withdrew midway through the 
habituation or acquisition phase, two indicated that it was because they could not tolerate 
hearing the scream noise, one was uncomfortable not knowing what the noise would be, 
and two withdrew for reasons unrelated to the UCS. After completing the acquisition 
phase, two participants reported being unable to tolerate the scream noise and withdrew 
from the study and one participant in the compound UCS condition withdrew because the 
procedures were reported to be stressful, in general. Thus, 4 of 77 participants who heard 
the scream noise specifically reported withdrawing from procedures because of it, 
compared to an estimated 18 additional participants (based on 34% conditioning rate 
applied to the compound UCS sample size of 65) that met conditioning threshold because 
of the scream stimulus. 
Discussion 
 Our current study provides additional evidence for the influence of demographic 
variables on the likelihood that participants will acquire a conditioned response in a de 
novo fear-conditioning paradigm. Consistent with the findings of Kredlow et al. (2017), 
we found that African American participants were less likely to meet the threshold 
criterion for acquisition of a fear-conditioned SCR, compared to non-African American 
participants (reflecting a medium effect size; Odds ratio = 3.07). We did not observe a 
significant relationship between education and fear-conditioned SCR, unlike Rosenbaum 
et al. (2015). However, Rosenbaum et al. (2015) compared participants who had 
completed college with those having higher degrees; only a small portion (9%) of our 
sample had higher degrees. Consequently, it is possible that the influence of education on 
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conditioning is more specific to higher ranges of education, an association that we had 
limited ability to detect given the characteristics of our sample.  
We found that a compound UCS, consisting of a shock and scream, improved fear 
conditioning as assessed by SCR. This was demonstrated by roughly twice as many 
individuals meeting our criterion for a fear-conditioned SCR when the compound 
stimulus was used. Furthermore, the compound UCS was tolerated by most participants; 
only 5% exposed to this stimulus withdrew from the study because of reported difficulty 
tolerating the scream stimulus, an acceptable loss given the observed 28% increase in 
participants associated with the use of the compound UCS. As such, using the compound 
shock and scream UCS has the potential to substantively expand the evaluable participant 
sample in de novo fear conditioning studies.  
Possible explanations for the improved acquisition rates for the compound UCS 
include enhancement in the perceived intensity, relevance, or novelty/unpredictability of 
the UCS. We were unable to confirm that the improved acquisition rate was due to 
increased UCS intensity, at least as measured by physiological reactivity, given that we 
did not observe a significant difference in the unconditioned SCR to the compound, 
compared to the single, UCS. Alternatively, and consistent with research showing an 
effect for the personal relevance of the UCS (Lissek et al., 2008), part of the effect may 
reflect greater fear relevance of the scream stimulus, or possibly broader relevance 
overall due to relevance of the shock stimulus to some and relevance of the scream 
stimulus to other participants. Prior research has also shown that novelty can enhance 
memory (Ranganath & Gregor, 2003). In our study, participants were not told that the 
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“uncomfortable noise” would be a scream sound, so the novelty of this stimulus may 
have played a role in the improved acquisition rates. Additionally, unpredictability has 
also been shown to enhance conditioning (Vansteenwegen, Iberico, Vervliet, Marescau, 
& Hermans, 2008). These data are from a larger trial for which we had made the decision 
to present the scream stimulus on only 5 of the 6 reinforced trials (as compared to 6 out 
of 6 for the shock stimulus), to enhance unpredictability of the UCS with the goal of 
further enhancing conditioning. Hence, it is difficult to disentangle whether improved 
acquisition was due to the compound UCS alone or enhanced unpredictability of the UCS 
inherent in the compound UCS procedure. In sum, our design does not allow us to 
understand which characteristic of the compound UCS, e.g., intensity, relevance, or 
novelty/unpredictability, was responsible for the significant increase in acquisition rates. 
It is interesting that although the compound UCS clearly reduced the number of 
poorly responding participants, it did not substantially increase the mean differential 
SCRs for the samples. Trends indicated only a small effect size for mean differential 
SCRs for those who received the single versus the compound stimulus. This was in part 
due to outliers, but also due to enhanced SCRs to both the CS- and CS+, per the follow-
up analyses. This finding is consistent with research suggesting that fear generalization is 
more likely to occur with stronger UCSs (Dunsmoor, Kroes, Braren, & Phelps, 2017). In 
some instances, generalization may interfere with differential conditioning (i.e., the 
participant responds nearly as strongly to the CS- as to the CS+), which diminishes the 
differential SCR. In the current study, although the compound UCS enhanced the SCR to 
the CS-, as well as the CS+, a differential SCR was still maintained. As noted, the 
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differential SCR was sufficiently enhanced that a substantially larger proportion of 
participants met the differential SCR criterion for responder status.  
Regarding limitations, our study did not allow for an adequately-powered 
examination of whether UCS stimulus characteristics would differentially rescue the 
small SCRs observed in African American participants. Only nine African American 
participants enrolled in the healthy-subject study, leaving too few participants across 
groups for meaningful evaluation of interaction effects between race and UCS condition. 
Also, our study provided no encouragement that increasing shock duration has an impact 
on fear acquisition, although we studied only two durations of shock: 500-msec and 
1000-msec.  
In conclusion, the failure to acquire a conditioned SCR during fear conditioning is 
a common reason for excluding participant data from studies of fear extinction. This is 
important because rates of acquisition influence the sample size required to obtain 
enough power to examine questions related to extinction. In addition, if large portions of 
participants do not acquire a conditioned fear response, research questions may only be 
examined in exceptionally good fear learners and, thereby, have limited generalizability. 
Moreover, the failure to acquire a conditioned SCR has become more problematic as an 
increasing number of studies use partial reinforcement schedules (i.e., delivering the UCS 
on only a portion of the CS+ trials). The aim of using partial reinforcement is to slow the 
rate of extinction (Grady, Bowen, Hyde, Totsch, & Knight, 2016) to allow for better 
examination of extinction-related processes. A complication when using partial 
reinforcement schedules is that, in contrast to constant reinforcement schedules, higher 
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numbers of individuals may fail to acquire a conditioned-fear response (Grady et al., 
2016). The compound UCS procedure may help to address this limitation. In sum, the 
compound UCS used in the present work provides a stimulus that holds promise for 
improving fear-conditioning of SCR and may thereby improve the representativeness of 
research samples and reduce costs associated with recruitment.
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Chapter 4. Exploring the Boundaries of Post-Retrieval Extinction in Healthy and 
Anxious Individuals 
Although exposure-based treatments for anxiety and traumatic stress disorders are 
generally efficacious (Olatunji et al., 2010; Watts et al., 2013), a number of patients fail 
to respond or relapse after treatment (Imel et al., 2013; Taylor et al., 2012). Thus, there is 
a need for more potent and enduring interventions for these disorders. This has led to a 
proliferation of studies examining strategies aimed at enhancing extinction learning, with 
the promise of translation to clinical exposure-based treatments (for review, Kredlow et 
al., in press). One line of research that has received a considerable amount of recent 
attention is the enhancement of extinction via the administration of extinction during 
memory reconsolidation.  
Research suggests that memories are not permanent but labile; when an old 
memory is retrieved it goes through a period of reconsolidation during which it is 
susceptible to interference and can be modified (for review, Sara, 2000). To harness this 
process for enhancement of extinction learning, researchers  have developed a paradigm 
called post-retrieval extinction (PRE; Monfils et al., 2009; Schiller et al., 2010). This 
paradigm involves a reminder cue to trigger memory reconsolidation, followed by 
extinction during the reconsolidation window (typically 10 minutes after the reminder 
cue). Rather than leading to new memories of safety that compete with the original fear 
memory, as is the case in standard extinction (Bouton, 2002), PRE is thought to modify 
the original fear memory by interfering with its reconsolidation. Because the original fear 
memory has been changed, there should be a reduced likelihood that fear will return due 
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to spontaneous recovery, reinstatement, renewal, or reacquisition (for review, Kredlow et 
al., 2016). Theoretically, if PRE were to be successfully translated to the clinic, it would 
lead to reduced relapse rates after exposure therapy. 
Over a dozen studies have examined the efficacy of PRE in healthy adults in the 
fear conditioning laboratory, with a recent meta-analysis (Kredlow et al., 2016) reporting 
an overall small-moderate effect size (g = 0.40) on attenuating the return of fear, 
compared to standard extinction. However, it is unclear whether this paradigm would be 
effective for individuals with anxiety disorders or posttraumatic stress disorder. Indeed, 
to our knowledge, no studies of laboratory-conditioned fears have examined PRE effects 
in anxious participants, although in a related paradigm—using propranolol administration 
to disrupt reconsolidation—higher trait anxiety was associated with reduced 
reconsolidation disruption (Soeter & Kindt, 2013). Likewise, clinical applications of PRE 
have been met with only limited and highly variable success, with one study providing no 
support (Shiban et al., 2015) and two studies providing partial support for one outcome 
measure (Maples-Keller et al., 2017; Telch et al., 2017). Accordingly, examination of the 
role of anxiety in moderating PRE effects is an important next step on the path to more 
successful translation of PRE strategies to the clinic.   
In addition to the role of anxiety, clinical fear is likely to differ from fear 
conditioned in the laboratory in both the strength of association and the degree of 
declarative awareness of the fear. Although memory strength has been identified as a 
potential boundary condition to reconsolidation interference effects (Auber et al., 2013), 
to our knowledge, no studies of PRE have directly targeted the manipulation of memory 
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strength in human participants. Interestingly, animal studies of reconsolidation blockade 
have manipulated memory strength and found reconsolidation interference effects 
(Suzuki et al., 2004; Robinson & Franklin, 2010; Wang et al., 2009; Winters et al., 2009). 
Examining the potential benefit of PRE for strongly conditioned fear memories may 
provide insight into whether PRE would be effective for the potent and complex fear 
memories that underlie anxiety and PTSD. 
In addition, research suggests that PRE is an amygdala-dependent process (Agren 
et al., 2012a; Björkstrand et al., 2016; Schiller et al., 2013) and potentially less effective 
for more hippocampal-dependent fear memories (Ishii et al., 2012). As the amygdala is 
involved in implicit aspects of conditioning and the hippocampus is predominantly 
involved in declarative aspects of conditioning (Bechara et al., 1995; Grillon, 2009), 
declarative awareness of the conditioned stimulus-unconditioned stimulus (CS-UCS) 
contingency during conditioning is potentially a sign of more hippocampal-dependent 
learning (Weike et al., 2007). Indeed, our meta-analysis of PRE studies in healthy human 
samples found that studies using CS-UCS expectancy ratings during acquisition, 
potentially enhancing CS-UCS contingency awareness and hippocampal-dependence, had 
smaller PRE effects than studies that did not use expectancy ratings (Kredlow et al., 
2016). Given these findings, CS-UCS awareness serves as a useful proxy for 
hippocampal-dependence of the fear memory that can be easily examined as a moderator 
of PRE effects.  
In summary, the current study was designed to extend the PRE paradigm to the 
study of anxious participants while also evaluating several important boundary conditions 
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that may underlie the strength of PRE effects as they are considered for translation to the 
clinic. To explore the question of whether PRE is efficacious for stronger fear memories, 
we tested whether PRE was efficacious for a conditioned fear memory established across 
three sequential days of conditioning. To explore the question of whether the 
hippocampal-dependence of the fear memory moderates PRE effects, we examined CS-
UCS contingency awareness as a moderator. In sum, potential moderators evaluated in 
this study include: (1) the role of anxiety/worry, (2) the presence or absence of 
contingency awareness, and (3) the influence of a greater number of conditioning 
experiences.  
The magnitude of a PRE effect may also be influenced by the success of 
acquisition and extinction achieved in the fear conditioning procedures. Given that the 
outcome of interest in PRE studies is return of fear, the PRE paradigm requires that 
participants first adequately acquire and extinguish a conditioned fear response 
(Steinfurth et al., 2014). PRE studies have varied considerably in their definitions of 
“adequate” acquisition and extinction, potentially explaining some of the variability in 
findings. In order to be consistent with our prior studies, we used the same acquisition 
criteria as Fricchione et al. (2016) and Spring et al. (2015), which utilized the same 
differential skin conductance response as the first PRE study conducted by Schiller and 
colleagues (2010). To be consistent with prior PRE studies, we applied the extinction 
criteria from Steinfurth et al. (2014), and confirmed this criteria with the authors (E. 
Phelps, personal communication, December 11, 2017). We also conducted exploratory 
analyses using extinction criteria that required maintenance of fear from the end of 
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acquisition to the beginning of extinction, a factor that has not typically been considered 
in prior studies in this area, but may be important for detecting PRE effects. 
Methods 
Participants 
Participants were healthy adults (n = 49, recruited from the community and from 
the undergraduate population) and anxious adults (n = 43, recruited from the community 
and an anxiety clinic serving both the community and the university). All procedures 
were approved by the Boston University Institutional Review Board. 
Inclusion criteria. Healthy and anxious individuals were included if they met the 
following criteria: 1) between the ages of 18 and 65 and 2) evidenced adequate 
conditioned responses during acquisition. Adequate conditioned responses were defined 
as an average unconditioned skin conductance response (SCR averaged across all UCS 
presentations during acquisition trials) of at least 0.1 microS (untransformed) and an 
average differential SCR (CS+ minus CS-) across acquisition trials 2-10 of at least 0.1 
microS (untransformed; CS+ > CS-; Fricchione et al., 2016). Anxious participants were 
additionally required to have a Beck Anxiety Inventory (Beck & Steer, 1990) score above 
15 (mild to moderate), or a score on the Fear Questionnaire (Marks & Mathews, 1979) 
above 37 (mild to moderate).  
Exclusion criteria. Healthy and anxious individuals were excluded if they met 
any of the following criteria: 1) currently taking anticholinergic medications, clonidine, 
or benzodiazepines; 2) currently not on a stable dose of psychotropic medication or 
taking psychotropic medications prn; 3) current medical conditions that contraindicate 
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fear conditioning procedures (e.g., severe heart disease or seizure disorder); 4) 
pregnancy. Anxious participants were additionally excluded if they: 1) met DSM-5 
criteria for any past or present bipolar or psychotic disorder, or substance-related disorder 
in the last three months (other than caffeine or nicotine use disorder); 2) endorsed current 
suicidality, homicidality, or self-destructive acts or urges; or 3) were engaged in exposure 
therapy the week prior to or during study procedures.  
Procedures 
Screening. All participants completed a brief screening interview; eligible 
individuals then provided informed consent. Anxious participants completed a diagnostic 
evaluation with the Anxiety Disorders Interview Schedule for DSM-5 (ADIS-5; Brown & 
Barlow, 2014) conducted by M.A. level clinicians to evaluate the presence of anxiety and 
traumatic stress disorders as well as psychiatric inclusion/exclusion criteria. Healthy and 
anxious individuals who met psychiatric inclusion/exclusion criteria were invited to 
complete conditioned fear acquisition to determine whether they displayed adequate 
conditioned responses. All participants were asked to refrain from caffeine and nicotine 
use 2 hours prior to their study visits. 
Study design.  
Healthy participants. On day 1, healthy participants underwent a fear acquisition 
procedure that involved the use of either a 500-msec. or 1000-msec. shock with or 
without an additional scream noise as the UCS. Fear acquisition was followed by either 
post-retrieval extinction (PRE) or extinction (E) on day 2 and a test of reinstatement on 
day 3. Examination of the UCS design features was part of a secondary study (see 
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Chapter 3, Kredlow, Orr, & Otto, 2018 for more details). Although the UCS design 
features for acquisition resulted in different rates of meeting adequate conditioned 
response criteria (Kredlow et al., 2018), for participants who met adequate conditioned 
response criteria and completed the study, level and speed of acquisition and extinction 
did not significantly differ based on these UCS features.5 Thus, for the current analyses, 
all healthy participants, regardless of UCS type, were collapsed into two groups (PRE 
and E) in order to compare PRE to E.  
Anxious participants. On day 1, anxious participants underwent acquisition with 
a 500-msec shock combined with a scream noise as the UCS. Participants in the PRE 
group received post-retrieval extinction on day 2 and a test of reinstatement on day 3. 
Participants in the E group received extinction on day 2 and a test of reinstatement on day 
3. Participants in the strong fear memory group (StrongAcquisitionPRE) repeated the fear 
acquisition procedure on days 2 and 3, received post-retrieval extinction on day 4, and a 
test of reinstatement on day 5. This manipulation was not included for healthy 
participants. Anxious participants also completed an online follow up questionnaire 1 
month after their test of reinstatement.  
Randomization. Healthy participants were randomized to a group that would 
later receive PRE or E prior to completing acquisition because their randomization group 
                                                     
5 Repeated measures ANOVAs of Stimulus x Trial x Group (500-msec vs. 1000-msec and single 
vs. compound UCS) did not reveal any group interaction effects during acquisition (ps > .12) or 
extinction (ps > .19). The proportion of individuals who received the compound UCS (χ2(1, 49) = 
0.17, p = .68) and the 1000-msec UCS (χ2(1, 49) = 1.01, p = .32) did not differ between the PRE 
and E groups in the current study.  
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determined which acquisition UCS they received. Given this design, some healthy 
participants that were randomized, subsequently did not display adequate conditioned 
responses and were excluded. Anxious participants were randomized to the PRE, E, or 
StrongAcquisitionPRE group after completing acquisition and confirming adequate 
conditioned responses. See Figures 9A and 9B for more details on group designs. 
Fear Conditioning Procedures 
Conditioned and unconditioned stimuli. Colored shapes were used as the 
conditioned stimuli (CS+ yellow circle, CS- white square). The shapes were displayed on 
a computer monitor positioned 4 feet in front of participants. The UCS was either a 500-
msec or 1000-msec electric shock (50 pulses per second) set to an intensity level that 
participants deemed to be "highly annoying but not painful" (ranging between 0.2 and 4.0 
mA). On the first day of procedures, the technician administered the procedure for setting 
the UCS intensity level, as previously described (Otto et al., 2007). During the shock-
level setting procedure, the UCS duration that corresponded with the duration to be 
received during acquisition was used. A Coulbourn Transcutaneous Aversive Finger 
Stimulator (Coulbourn Instruments, 2016) generated the shock and it was delivered 
through electrodes attached to the second and third fingers of participants’ dominant 
hands. For some participants, the shock was paired with a scream noise played at 95 
decibels. The scream noise was obtained from researchers who have conducted fear 
conditioning studies in children with anxiety disorders (Lau et al., 2008). The noise was 1 
s in duration and was delivered at approximately the same time as the shock through 
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headphones on 5 of the 6 trials with a UCS during acquisition. The scream noise was not 
used during the shock-level setting procedure.  
Conditioning context and instructions. All procedures took place in the same 
sound-attenuated and electronically-shielded room, which was connected via wires to 
another room where the fear conditioning equipment was located. Participants were 
seated in a comfortable armchair in front of the computer monitor. Once participants 
were connected to electrodes, they were read a standard set of instructions that indicated 
that they “may or may not” see colored shapes and “may or may not” receive electric 
stimulation and/or hear an uncomfortable noise. Participants were instructed to pay 
attention to the computer screen and try to figure out the relationship between the stimuli 
and the shocks/noise. To reduce expectancy bias, all participants were attached to the 
shock electrodes and wore headphones throughout the entire experiment. 
Habituation and acquisition. Prior to the conditioning procedures, participants 
completed a 5-min baseline recording period. During this period, participants were 
connected to the equipment and skin conductance level (SCL) was recorded while 
participants sat in the fear conditioning room with no stimuli presented. On the first day 
only, after the baseline period, participants completed a set of habituation trials which 
consisted of 5 CS+ and 5 CS- unreinforced presentations. After habituation, the 
acquisition procedure consisted of 10 CS+ and 10 CS- presentations. The CS duration 
was 8 s with an inter-trial interval of 11 +/- 1 s, determined at random by the computer. 
Acquisition followed a 60% partial-reinforcement schedule (i.e. 6 of the 10 CS+ 
presentations were followed by the UCS). For StrongAcquisitionPRE, on days 2 and 3, 
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the baseline period was immediately followed by the acquisition trials without 
habituation. 
Post-retrieval extinction (PRE) and extinction (E). The PRE or E procedure 
was conducted one day after acquisition. Prior to the PRE or E procedure, participants 
completed a 5-min baseline recording period. For participants who received PRE, per 
Schiller et al. (2010), the fear memory was retrieved with a single non-reinforced 8 s 
presentation of the CS+. This was followed by a 10-min break during which participants 
watched a video about a sandcastle competition, which was chosen for its benign, non-
emotional content. A series of standard extinction trials followed – participants were 
presented with 10 CS+ and 11 CS- trials non-reinforced. For participants in the E group, 
the fear memory was not retrieved. These participants started with the 10-min video 
followed by a series of standard extinction trials. These participants received one 
additional non-reinforced CS+ trial during extinction (for a total of 11 CS+ and 11 CS- 
trials) to balance out the additional CS+ presentation used to retrieve the fear memory in 
the PRE group.  
Test of reinstatement. A day after PRE or E, participants returned to the lab for a 
test of reinstatement. Following a 5-min baseline period, participants were presented with 
four unsignaled UCSs spaced 12 s apart. This was followed by a 10-min break during 
which no stimuli or video were presented. This was followed by non-reinforced 
presentations of the conditioned stimuli (15 CS+ and 15 CS- trials) to assess 
reinstatement of fear. For participants who received a shock and scream noise as their 
UCS during acquisition, 3 of the 4 unsignaled UCSs included both a shock and the 
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scream noise (to mirror acquisition in which 5 of the 6 UCSs included both shock and 
scream noise). The shock duration was also consistent with the duration used during 
acquisition.  
Assessments 
Psychophysiological assessment. The Coulbourn Lablinc V, Human 
Measurement Modular Instrument System (Coulbourn Instruments, 2016) was used to 
measure SCL throughout all experimental procedures. Two 8-mm (sensor diameter) 
DOCXS or Biopac Ag/AgCl electrodes were filled with isotonic paste and attached to the 
hypothenar surface of the non-dominant hand per published guidelines (Fowles et al., 
1981). SCL was measured by a Coulbourn Isolated Skin Conductance coupler (V71-23) 
using a constant 0.5 V. The analog signal was digitized by a Coulbourn analog-to-digital 
converter (V19-16). Before beginning each study session, SCL was checked to ensure 
that it was within the appropriate range and was responsive to a challenge test (e.g., serial 
7s). If the SCL was not in the appropriate range or not responsive, electrodes were 
replaced and levels and responsivity were re-evaluated. 
Self-report measures. Participants were asked to provide demographic 
information and daily caffeine, nicotine, and medication use. In addition, participants 
completed the State Trait Anxiety Inventory-Trait Version (STAI-T; Spielberger, 2010) 
and the Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 
1990) on the last day of study procedures.  
CS-UCS contingency, subjective fear, UCS anticipation. Because the degree of 
CS-UCS contingency awareness may serve as a proxy for hippocampal-dependence of a 
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memory (Bechara et al., 1995; Weike et al., 2007), we also designed a questionnaire to 
assess participants’ knowledge of the CS-UCS contingency. For healthy participants, this 
questionnaire was administered on the last day of procedures after conditioning. For 
anxious participants, this questionnaire was administered 1 month after the last day of 
procedures during a follow up assessment. As part of this assessment, participants also 
viewed images of the CS+ and CS- and were asked to report subjective fear and 
anticipation of UCS for each stimulus. 
Statistical Analysis 
Skin conductance response calculations. SCR for each CS presentation was 
calculated by subtracting the mean SCL during the last 2 s of the pre-stimulus period 
from the peak SCL during the CS presentation, as per previous studies (e.g., Orr et al., 
2000). All SCR scores for CS trials were square-root transformed. The differential SCR 
was calculated using transformed data by taking the difference between the SCR to CS+ 
and SCR to CS- of corresponding trials. SCR for each UCS presentation was calculated 
by subtracting the mean SCL during the last 2 s of the CS+ interval from the peak SCL 
during the 6 s following the UCS offset, then square-root transformed, as previously 
reported (Orr et al., 2000). The unconditioned SCR was defined as the mean transformed 
SCR to the UCS across all reinforced acquisition trials. 
Extinction exclusion criteria. As per previous PRE studies (see Kredlow et al., 
2016), participants who had not adequately extinguished fear were excluded prior to 
analyses. Steinfurth et al.’s (2014) criteria for adequate extinction was used. Specifically, 
participants were excluded if their late (trials 7-11) differential SCR was larger than 0.1 
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microS. Consistent with Steinfurth et al. (2014), differential SCR for this criteria was 
calculated using square-root transformed and standardized SCRs. SCRs were individually 
standardized by dividing each SCR by the individual participant’s unconditioned SCR.6  
Preliminary analyses. Prior to analyses, we confirmed that all participants 
demonstrated measurable SCLs (average raw SCL during 2 s prior to all habituation trials 
higher than 0.5 microS). Prior to hypothesis-driven analyses we first conducted a logistic 
regression to determine if any baseline demographic factor predicted failure to acquire a 
differential conditioned response during acquisition (Kredlow et al., 2018). Factors that 
predicted failure to acquire a differential conditioned response (i.e., race) were compared 
across groups. In addition, using repeated measures ANOVA we confirmed that SCRs 
during habituation, acquisition, and extinction were not significantly different between 
the group factor in respective analyses. We also used a repeated measures ANOVA 
examining the within-subjects factors of Stimulus (CS+, CS-), Day (1-3), and Trial (1-10) 
to examine whether repeated conditioning in the StrongAcquisitionPRE group led to a 
stronger fear memory.  
Outcomes 
                                                     
6 Additional exploratory exclusion criteria. Because we noted that some participants did not 
appear to demonstrate conditioned fear on the day they returned for PRE/E, we also repeated our 
analyses with a smaller sample of participants after excluding those participants who failed to 
demonstrate a differential SCR at the start of PRE/E. Demonstrating a differential SCR at the start 
of PRE/E was defined as at least an average differential SCR of .05 microS (CS+ > CS-) for the 
2nd and 3rd corresponding CS+ and CS- trials of PRE/E (the first CS+ and CS- trial were 
excluded due to orienting response). We chose to exclude these participants because a lack of 
differential SCR at the start of PRE/E indicates the lack of maintenance of a conditioned fear 
response from acquisition. This may be indicative of inadequate fear learning; without adequate 
fear learning, it may not be possible to observe an effect of PRE. 
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The following outcomes were first examined between the PRE and E group to 
address our main question of whether PRE attenuated the return of fear in a mixed 
healthy and anxious sample. Analyses were repeated with a more restricted sample based 
on the additional exploratory exclusion criteria (presented in footnotes). Finally, anxious 
participants in the PRE, E, and StrongAcquisitionPRE groups were compared on the 
same outcomes to explore the efficacy of PRE for a stronger fear memory.  
Primary outcome. To test for reinstatement, we evaluated the change in average 
differential SCR from the last two trials of extinction to the first two trials of 
reinstatement. Consistent with the analytic approach of the majority of PRE studies to 
date (see Kredlow et al., 2016), repeated measures ANOVA with the within subject 
factors of Stimulus (CS+, CS-) and Time (last 2 trials extinction, first 2 trials 
reinstatement) and between subject factor of Group (PRE, E, StrongAcquisitionPRE) 
were conducted. Estimated marginal means and standard errors from the repeated 
measures ANOVA and pre-post correlations were used to estimate effect sizes with 
Comprehensive Meta-Analysis software (Version 2; Borenstein et al., 2005) to facilitate 
comparability to effect sizes from a recent meta-analysis of PRE (Kredlow et al., 2016).  
Secondary outcomes. SCR for only CS+ trials per rationale described in prior 
studies (Golkar et al., 2012; Otto et al., 2014; Soeter & Kindt, 2011) was also examined 
to assess reactivity to the CS+ alone. Additionally, we examined whether groups differed 
in their subjective fear or UCS expectancy in reference to the CS+ and CS-.  
Covariates. Given that we collected dimensional measures of anxiety symptoms 
from healthy and anxious participants, we chose to use a dimensional measure of anxiety, 
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rather than the dichotomous variable of healthy versus anxious, as a covariate in our main 
analyses of samples that contained both healthy and anxious participants. For our 
dimensional measure, we chose the PSWQ, which has been associated with conditioned 
learning in prior studies (Joos, Vansteenwegen, & Hermans, 2012; Otto et al., 2007). A 
PSWQ clinical cutting score of 45 (Behar, Alcaine, Zuellig, & Borkovec, 2003) 
accurately classified 91% of the anxious sample and 69% of the healthy sample; hence, 
the PSWQ provided a more detailed measure of relevant anxiety symptoms than 
diagnostic group membership. For analyses of reactivity to the CS+ alone, orienting 
response (i.e., average SCR to first CS+ and CS- of acquisition) was used as an additional 
covariate to adjust for general reactivity. 
Moderators. Moderator analyses were conducted using repeated measures 
ANOVA. The influence of anxiety on PRE outcomes was examined in three ways: as a 
group analysis using the anxiety selection criteria (as above, Beck Anxiety Inventory > 
15 or Fear Questionnaire > 37), as levels of worry symptoms (PSWQ), and as levels of 
trait anxiety symptoms (STAI-T). CS-UCS awareness was also examined as a potential 
moderator of PRE outcomes.  
Results 
Participants 
 Of the 154 healthy participants who were evaluated, 78 met inclusion/exclusion 
criteria (Figure 9A). Seventy-two participants completed (six participants withdrew prior 
to completing) the test of reinstatement. Of the 72 participants who completed the test of 
reinstatement, three participants’ data were unusable due to equipment failure and 18 
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participants data (26% of the sample) were excluded due to failure to demonstrate 
adequate extinction. Because preliminary analyses suggested that PRE and E participants 
displayed slightly different levels of differential SCR during acquisition, two outliers 
were excluded from the E group to equate the groups.7 Ultimately, 49 healthy participants 
were included in the analyses (PRE n = 24, E n = 25). 
 Of the 161 anxious participants who were evaluated, 74 met inclusion/exclusion 
criteria (Figure 9B). Sixty-five participants completed (nine withdrew prior to 
completing) the test of reinstatement. Of the 65 participants who completed the test of 
reinstatement, 20 (31%) were excluded due to failure to demonstrate adequate extinction. 
As above, two outliers were excluded, one from the E and one from the PRE group, to 
equate the groups on differential SCR during acquisition.7 Thus, 43 anxious participants 
data were also included in the analyses (PRE n = 14, E n = 15, StrongAcquisitionPRE n = 
14), for a total sample of 92 healthy and anxious participants (PRE n = 38, E n = 40, 
StrongAcquisitionPRE n = 14).  
The portion of participants excluded from our sample due to failure to acquire or 
extinguish fear (50%) was comparable to that reported by Steinfurth et al. (2014) (47%), 
the study from which we use the same extinction criteria, as well as other PRE studies 
                                                     
7 There was a trend level CS x Group interaction (F(1, 79) = 3.23, p = .08), reflecting a slightly 
larger differential SCR in the PRE than the E group across all of acquisition. Looking at only the 
last two trials of acquisition to see if this trend diminished by the end of acquisition, revealed that 
the trend was still present (F(1, 79) = 3.93, p = .051). Four outliers who demonstrated a 
differential SCR that was larger than 2 standard deviations (SD = 0.36) above the mean (M = 
0.44) were identified. Given that our differential SCRs tended to be larger than prior studies 
conducted in this area (e.g., Schiller et al., 2010), these four outliers were excluded from analyses 
in order to equate the PRE and E group for level of acquisition. Of note, our main results did not 
differ when these four outliers were retained in the analyses. 
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(e.g., Schiller et al., 2013, 67%; Agren et al., 2012a, 50%). More information about 
reasons for exclusion can be found in the consort diagrams (Figures 9A and 9B).  
Baseline Characteristics 
 Demographics. The mean age of participants was 23 years (SD = 8.0, range 18-
56). The majority of participants identified as female (71%, n = 65) and non-Hispanic 
(91%, n = 84) (Table 7). Forty-six percent of participants identified as White/Caucasian 
(n = 42), 38% identified as Asian (n = 35), 4% identified as Black/African American (n = 
4), 4% identified as more than one race (n = 4), and 8% identified as other (n = 7). The 
majority of participants had completed some college (57%, n = 53). Ten percent (n = 9) 
had completed high school or less, 22% (n = 20) had completed college, and 11% (n = 
10) had completed a graduate degree. Age (p = .15), ethnicity (ps > .31), and race 
(Black/African American vs. not, ps > .47; White/Caucasian vs. not, p = .86) did not 
differ between the three groups. As the number of African American participants did not 
significantly differ across groups, we chose not to include race as a covariate in the 
analyses. Gender and education (completed college vs. not) differed between groups, in 
that StrongAcquisitionPRE participants were more likely to be female and have 
completed college than PRE (ps < .01) and E (ps < .01) participants. This is 
understandable given that the StrongAcquisitionPRE group was comprised of all 
community participants, whereas the PRE group and E group were comprised of 
undergraduate student and community participants. Comparing StrongAcquisitionPRE 
participants to the anxious participants in PRE and E, the effects of gender (ps > .09) and 
education (ps > .12) were no longer significant.  
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 Caffeine, nicotine, medication usage. Of the 92 participants included in this 
analysis, two participants in the E group reported caffeine use and one participant in the E 
group reported nicotine use within 2 hours of the first study visit. Given that caffeine and 
nicotine were not used on the test of reinstatement day, these participants were not 
excluded from analyses. No participants reported caffeine or nicotine use on any other 
days of the study. Twenty percent (n = 18) of participants reported medication use on at 
least one day of study procedures. Eight percent (n = 7) of participants reported 
specifically taking a psychiatric medication on at least one day of study procedures. 
Seven percent (n = 6) of participants reported specifically taking a medication that was 
determined to have low level anticholinergic properties (e.g., Loratadine; Desyrel et al., 
2009) on at least one day of study procedures. Medication data were missing for a portion 
of participants (n = 10) as this questionnaire was added midway through the study. Rates 
of any (ps > .16), psychiatric (ps > .09), and low level anticholinergic (ps > .09) 
medication use did not significantly differ across groups.   
 Psychological symptoms. On average, participants reported clinical levels of trait 
anxiety on the STAI-T (M = 47.2, SD = 11.3) and moderate worry on the PSWQ (M = 
56.0, SD = 13.3). Given that the StrongAcquisitionPRE group was comprised of only 
anxious participants, as expected, participants in StrongAcquisitionPRE had significantly 
higher trait anxiety on the STAI-T than participants in PRE or E (p < .05) and tended to 
have higher symptoms of worry on the PSWQ at a trend level than participants in PRE or 
E (p = .07). These effects were not significant when comparing only anxious participants 
in PRE and E to StrongAcquisitionPRE (ps > .83).  
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Of the 43 anxious participants, 42 met criteria for a DSM-5 diagnosis. The most 
common primary diagnosis was generalized anxiety disorder (29%, n = 12), followed by 
social anxiety disorder (26%, n = 11), other specified anxiety disorder (22%, n = 9), panic 
disorder (14%, n = 6), other specified trauma disorder (7%, n = 3), and PTSD (2%, n = 
1). The average age of onset was 18.0 years (SD = 7.4). One individual did not meet 
criteria for any anxiety or traumatic-stress disorder.  
Psychophysiological characteristics. All included participants demonstrated 
measurable SCL on the first day of acquisition; the average raw SCL was 10.5 (SD = 5.7) 
and did not differ between groups (F(2, 89) = 1.28, p = .28). On average participants 
selected a shock intensity of 1.68 mA (SD = 0.70, range 0.4-4.0), and this did not differ 
between groups (F(2, 89) = 0.13, p = .88). Per inclusion criteria, all participants 
demonstrated responsivity to the UCS; the average unconditioned SCR during the first 
day of acquisition was 1.7 (SD = 0.4) and did not differ between groups (F(2, 89) = 0.63, 
p = .54). 
Comparison of PRE (n = 38) and E (n = 40) for Fear Memories Conditioned Once 
 Habituation, acquisition, and PRE/E were examined to determine if the PRE and 
E groups demonstrated comparable SCRs and eliminate the possibility that differences in 
reactivity or learning across phases of the study influenced reinstatement effects. These 
analyses were also used to confirm fear learning during acquisition and a decrease in 
learned fear during PRE/E.      
Habituation. A repeated measures ANOVA that included the 5 CS+ and 5 CS- 
trials of habituation with PSWQ as a covariate, revealed a main effect for Trial (F(4, 72) 
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= 19.5, p < .001) indicating that SCRs decreased across the trials. There was also a main 
effect of Stimulus (F(1, 75) = 7.32, p < .01), reflecting larger SCRs to the CS+ than the 
CS- across all of habituation. Examining only the last two trials of habituation, the effect 
of Stimulus was no longer evident (F(1, 75) = 1.43, p = .24), suggesting that the initial 
orienting response underlying the Stimulus main effect was eliminated by the end of 
habituation. There was no main effect of Group (p = .41). There was a trend level Group 
x Trial interaction (F(4, 72) = 2.16, p = .08), reflecting a slightly steeper decline in SCRs 
across trials in the E than the PRE group; however, there were no interactions between 
Stimulus and Group (ps > .42). These results indicate that there were no differences in 
SCRs to the CS+ versus the CS- between groups.  
Acquisition. A repeated measures ANOVA that included the 10 CS+ and 10 CS- 
acquisition trials with PSWQ as a covariate, revealed a main effect for Stimulus (F(1, 75) 
= 197.0, p < .001), indicating that the average SCR to the CS+ was larger than the 
average SCR to the CS- during acquisition. There was also a main effect of Trial (F(9, 
67) = 6.17, p < .001), in that overall SCR decreased across the trials. A significant 
Stimulus x Trial interaction (F(9, 67) = 4.46, p < .001) indicated a larger decline in SCR 
to the CS-, compared to the CS+, across the trials. Thus, fear learning was achieved. 
There was no main effect of Group (p = .84), nor were there any interactions with Group 
(ps > .11); thus, both groups showed similar levels of fear learning.  
Post-retrieval extinction/extinction. A repeated measures ANOVA that included 
the 11 CS+ and 11 CS- trials of PRE/E with PSWQ as a covariate, revealed a main effect 
for Stimulus (F(1, 74) = 15.5, p < .001), indicating that the average SCR to the CS+ was 
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larger than the average SCR to the CS- across all of PRE/E. There was also a main effect 
of Trial (F(10, 65) = 5.72, p < .001), in that overall SCRs decreased across the trials. A 
significant Stimulus x Trial interaction (F(10, 65) = 4.80, p < .001) indicated that the 
decrease in SCRs was larger for CS+ than CS- trials. These results suggest a decrease in 
learned fear; in order to further confirm this, we conducted a paired t-test of the combined 
groups (PRE and E) of the differential SCR during acquisition and the differential SCR 
during the last two trials of PRE/E. This t-test revealed a significant decrease in 
differential SCR (t(77) = 9.69, p < .001). Additionally, a paired t-test of the combined 
groups (PRE and E) revealed significantly larger SCRs to the CS-, compared to the CS+, 
by the end of PRE/E (t(77) = -2.65, p < .01), consistent with generalization of fear from 
the CS+ to the CS-. Our repeated measures ANOVA also revealed a significant Trial x 
Group interaction (F(10, 65) = 2.05, p < .05), reflecting a slightly steeper decline in SCRs 
to both stimuli across trials in the E, compared to the PRE group; however, there was no 
main effect of Group (p = .58) or Stimulus x Group (p = .99) and Stimulus x Trial x 
Group interaction effect (p = .38). These results indicate that both groups demonstrated 
similar levels of extinction learning across PRE/E.8  
Primary outcome. 
                                                     
8 After applying our exploratory extinction criteria, we were left with 49 participants (PRE n = 
23, E n = 26). There were no significant group effects during habituation (ps > .06), acquisition 
(ps > .08), or PRE/E (ps > .13), indicating that both groups habituated, acquired, and extinguished 
fear similarly. Participants demonstrated differential conditioning during acquisition (Stimulus: 
F(1, 46) = 104.6, p < .001; Trial: F(9, 38) = 6.00, p < .001; Stimulus x Trial: F(9, 38) = 3.18, p < 
.01) and this was extinguished during PRE/E (Stimulus: F(1, 45) = 34.8, p < .001; Trial: F(10, 
36) = 6.40, p < .001; Stimulus x Trial: F(10, 36) = 7.48, p < .001; paired t-test differential SCR 
during acquisition and differential SCR during the last two trials of PRE/E: t(48) = 7.29, p < 
.001). 
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Test of reinstatement. Reinstatement, as assessed by the change in differential 
SCR from the last two trials of PRE/E to the first two trials of the test of reinstatement, 
was examined. Repeated measures ANOVA revealed an effect of Time (F(1, 75) = 15.3, 
p < .001), reflecting an overall increase in SCRs from the end of extinction to the 
beginning of reinstatement. There was also a Stimulus x Time interaction (F(1, 75) = 
8.44, p < .01), reflecting a larger increase in SCR from the end of extinction to the 
beginning of reinstatement for the CS+ than the CS-. Most relevant to our hypothesis, the 
Stimulus x Time x Group interaction was not significant (F(1, 75) = 0.43, p = .51; g = -
0.15); in fact, the effect was in the direction of less reinstatement following E than PRE 
(Figure 10 and 11). Contrary to our hypothesis, these data suggest that PRE did not 
attenuate the return of fear. 
To examine whether PRE impacted the course of reinstatement, a repeated 
measures ANOVA that included the 15 CS+ and 15 CS- trials of reinstatement with 
PSWQ as a covariate was conducted. This analysis also did not reveal any main or 
interactive effects of Group (ps > .24). There was a main effect of Trial (F(14, 62) = 3.55, 
p < .001), in that overall SCR decreased across the fifteen trials. Interestingly, there was 
no effect of Stimulus (p > .41), indicating that SCRs to the CS+ were not significantly 
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different from SCRs to the CS-, suggestive of generalization of fear from the CS+ to the 
CS-.9 There were no other main or interaction effects (ps > .24).10 
Secondary outcomes. 
SCR to CS+. Examining the change in reactivity to the CS+ alone from the last 
two trials of extinction to the first two trials of reinstatement, we observed an effect of 
Time (F(1, 74) = 23.3, p < .001), but no Time x Group interaction (F(1, 74) = 0.34, p = 
.56; g = 0.14 with less reactivity to the CS+ following PRE than E). This indicates that 
the increase in SCR to CS+ alone from the end of extinction to the beginning of 
reinstatement did not differ between the PRE and E groups.11 
Other outcomes. A paired t-test of the combined groups (PRE and E) revealed 
higher ratings of subjective fear associated with the CS+ than the CS- (t(75) = 9.38, p < 
.001) and higher ratings of UCS expectancy for the CS+ than the CS- (t(75) = 10.56, p < 
.001). Subjective fear associated with the CS+ (F(1, 73) = 0.001, p = .97) and CS- (F(1, 
                                                     
9 Post-hoc analyses were conducted to explore correlates of generalization at the beginning (first 
2 trials) of reinstatement. SCR to the CS- was not significantly correlated with anxiety symptoms 
(PSWQ: r(78) = -0.05, p = .68; STAI-T: r(78) = -0.08, p = .47) or anxiety group status (F(1, 76) = 
0.26, p = .61), but was significantly larger for participants who received the compound UCS than 
participants who received the single UCS (F(1, 75) = 7.49, p < .01). As noted previously, the 
proportion of individuals who received the compound UCS (χ2(1, 49) = 0.17, p = .68) did not 
differ between the PRE and E groups in the current study. 
10 In the exploratory sample (PRE n = 23, E n = 26), there was no difference in reinstatement 
between the groups (Stimulus x Time x Group: F(1, 46) = 1.74, p = .19; g = -0.37 with less 
reinstatement following E). There were also no group differences over the course of the 15 CS+ 
and CS- trials of reinstatement (ps > .60). 
11 In the exploratory sample (PRE n = 23, E n = 26), there was also no effect of PRE on reactivity 
to the CS+ (Time x Group interaction: F(1, 45) = 0.05, p = .82; g = .07 with less reactivity to CS+ 
following PRE). 
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73) = 0.03, p = .86) did not differ by group, nor did UCS expectancy for the CS+ (F(1, 
73) = 0.19, p = .66) or CS- (F(1, 73) = 0.06, p = .80).  
Moderators. 
 Anxiety symptoms. No measure of anxiety served as a significant moderator of 
the effect of PRE on reinstatement as assessed by differential SCR: anxiety group (F(2, 
75) = 0.71, p = .50), worry symptoms (PSWQ; F(2, 75) = 0.23, p = .80), and trait anxiety 
levels (STAI-T; F(2, 75) = 0.01, p = .99). 
CS-UCS awareness. The majority of participants were aware of the contingency 
between the CS+ and UCS (PRE: 33/38, E: 34/38); thus, we were unable to examine 
whether contingency awareness moderated the effect of PRE on reinstatement. 
Effect of PRE on a Strong Fear Memory 
 Sample. StrongAcquisitionPRE participants (n = 14), consisted of anxious 
individuals who received three days of acquisition followed by PRE. 
StrongAcquisitionPRE participants were compared to anxious participants from the PRE 
group (n = 14) who received one day of acquisition followed by PRE, and anxious 
participants from the E group (n = 15) who received one day of acquisition followed by 
E.  
 Conditioning. There were no significant Group effects during habituation (ps > 
.25), day 1 of acquisition (ps > .08), or PRE/E (ps > .19). Participants demonstrated fear 
learning during day 1 of acquisition (Stimulus: F(1, 40) = 127.4, p < .001; Trial: F(9, 32) 
= 6.06, p < .001; Stimulus x Trial: F(9, 32) = 3.93, p < .01) and learned fear was 
diminished during PRE/E (Stimulus: F(1, 39) = 16.8, p < .001; Trial: F(10, 30) = 3.69, p 
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< .01; Stimulus x Trial: F(10,30) = 3.28, p < .01; paired t-test differential SCR during 
acquisition and differential SCR during the last two trials of PRE/E: t(42) = 8.51, p < 
.001).  
Acquisition on days 1-3 in StrongAcquisitionPRE group. Results of a repeated 
measures ANOVA examining the within-subjects factors of Stimulus (CS+, CS-), Day 
(1-3), and Trial (1-10) for the StrongAcquisitionPRE group alone, revealed a significant 
main effect of Stimulus (F(1, 13) = 24.3, p < .001). This effect indicates that the average 
SCR to the CS+ was larger than the SCR to the CS- across all trials and days. There was 
also a main effect of Day (F(2, 12) = 4.82, p < .05), as SCRs generally declined across 
the study days. There was a trend level effect of Trial (F(9, 5) = 3.64, p = .08), suggesting 
that there was a slight decline in SCRs across trials. Additionally, there was a Stimulus x 
Trial interaction (F(9, 5) = 6.41, p < .05), indicating that the differential SCR decreased 
across trials. There was no Stimulus x Day interaction (F(2, 12) = 0.17, p = .85), 
indicating that within the StrongAcquisitionPRE group the differential SCR did not 
change across days of acquisition (Figure 12).  
Primary outcome. 
Test of reinstatement. Reinstatement, as assessed by the change in differential 
SCR from the last two trials of PRE/E to the first two trials of the test of reinstatement, 
was examined. Repeated measures ANOVA comparing StrongAcquisitionPRE to PRE 
revealed an effect of Stimulus (F(1, 26) = 7.98, p < .01), which reflected larger SCRs to 
the CS+ than the CS-. There was also an effect of Time (F(1, 26) = 8.93, p < .01), 
reflecting an increase in SCRs from the end of PRE to beginning of reinstatement. 
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Additionally, there was a Stimulus x Time interaction (F(1, 26) = 9.79, p < .01), 
reflecting a larger increase in SCR from the end of PRE to beginning of reinstatement for 
the CS+ than the CS-. Most relevant to our hypothesis, there was no Stimulus x Time x 
Group interaction (F(1, 26) = 0.64, p = .43; g = 0.26 with less reinstatement in the 
StrongAcquisitionPRE than PRE group). Thus, return of fear did not differ between PRE 
and StrongAcquisitionPRE (Figure 13). There were no other main or interaction effects 
(ps > .22). 
Repeated measures ANOVA comparing StrongAcquisitionPRE to E revealed a 
main effect of Time (F(1, 27) = 21.8, p < .001), reflecting an increase in SCRs from the 
end of PRE/E to the beginning of reinstatement, but no effect of Stimulus (p = .43). Most 
relevant to our hypothesis, there was no Stimulus x Time x Group interaction (F(1, 27) = 
0.33, p = .57; g = 0.23 with less reinstatement in the E than StrongAcquisitionPRE 
group). Thus, return of fear did not differ between E and StrongAcquisitionPRE. There 
was a trend level Stimulus x Group interaction (F(1, 27) = 3.46, p = .07) suggestive of 
larger differential SCR in the StrongAcquisitionPRE group than the E group, regardless 
of time (Figure 13). There were no other main or interaction effects (ps > .19). 
A repeated measures ANOVA that included the 15 CS+ and 15 CS- trials of 
reinstatement for PRE and StrongAcquisitionPRE revealed a significant Stimulus x Trial 
x Group interaction (F(14, 13) = 2.61, p < .05) reflecting a steeper decline in differential 
SCRs across reinstatement in the StrongAcquisitionPRE than PRE group. There were no 
other main or interaction effects (ps > .18). A repeated measures ANOVA that included 
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the 15 CS+ and 15 CS- trials of reinstatement for E and StrongAcquisitionPRE did not 
reveal any Group effects (ps > .14). 
Secondary outcomes. 
SCR to CS+. Comparing StrongAcquisitionPRE to PRE participants, there was no 
difference in change in reactivity to the CS+ from the last two trials of PRE to the first 
two trials of reinstatement (F(1, 25) = 0.42, p = .52; g = 0.23 less reactivity to the CS+ in 
PRE than StrongAcquisitionPRE). Comparing StrongAcquisitionPRE to E participants, 
there was also no difference in change in reactivity to the CS+ (F(1, 26) = 0.04, p = .85; g 
= 0.09 less reactivity to the CS+ in StrongAcquisitionPRE than E). 
Other outcomes. A paired t-test of the combined groups (PRE, E, 
StrongAcquisitionPRE) revealed higher ratings of subjective fear associated with the CS+ 
than the CS- (t(38) = 5.45, p < .001) and higher ratings of UCS expectancy for the CS+ 
than for the CS- (t(38) = 8.19, p < .001). Subjective fear associated with the CS+ (F(2, 
36) = 0.01, p = .99) and CS- (F(2, 36) = 0.83, p = .45) did not differ by group, nor did 
UCS expectancy for the CS+ (F(2, 36) = 1.75, p = .19) and CS- (F(2, 36) = 2.29, p = 
.12).  
Discussion 
To our knowledge, this is the first study to examine PRE effects for conditioned 
fear memories in a mixed healthy and anxious sample. In our core test of the advantage 
of PRE, we found no significant difference in return of conditioned fear at reinstatement 
between participants who received PRE and participants who received standard 
extinction, despite more than adequate power to detect an effect (our sample size was 
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more than twice the average sample size of studies presented in our meta-analysis of 
PRE; Kredlow et al., 2016). This finding joins a PRE literature that has been fraught with 
mixed results and variability in effect sizes. Although our meta-analysis of PRE effects in 
healthy participants (Kredlow et al., 2016) presented an overall significant, but small-
moderate, positive effect (g = 0.40), with effect sizes ranging from small and favoring 
extinction (g = -0.27) to large and favoring PRE (g = 1.14). Furthermore, since our meta-
analysis was conducted, some studies have been published replicating (e.g., Agren, 
Björkstrand, & Fredrikson, 2017; Johnson & Casey, 2015; Liu et al., 2014; Steinfurth et 
al., 2014; Warren et al., 2014) and others failing to replicate (e.g., Fricchione et al., 2016; 
Klucken et al., 2016; for review, Lee, Nader, & Schiller, 2017) the PRE effect. The 
current study is added to the list of non-replications with our non-significant effect size 
for return of fear as assessed by differential SCR in the opposite direction than expected: 
less return of fear following extinction than following PRE (g = -0.15).   
With regard to anxiety symptoms, our results revealed no interactions between 
group anxiety status, symptoms of worry (PSWQ), or trait anxiety levels (STAI-T) and 
PRE effects. These results indicate that it is unlikely that anxiety symptoms explain our 
failure to observe a PRE effect in this sample. With regard to the potential boundary 
condition of memory strength, there was no difference in return of fear after PRE 
between participants who were strongly conditioned (three days of acquisition) and those 
who were weakly conditioned (one day of acquisition). Indeed, following PRE, anxious 
participants who were strongly conditioned demonstrated faster re-extinction of fear 
across the full course of the reinstatement period than anxious participants who were 
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weakly conditioned. These results suggest that memory strength, at least conceptualized 
by multiple days of conditioning, is not necessarily a barrier to PRE effects. Neither of 
these factors, however, explained why we did not observe a PRE effect in our sample. 
Other Potential Explanations for Lack of a PRE Effect 
One possibility is that we were not able to observe a PRE effect because both the 
PRE and E group in our sample demonstrated a relatively small amount of return of fear 
as assessed by differential SCR. Prior studies of PRE (e.g., Schiller et al., 2010; 
Steinfurth et al., 2014) have observed robust return of fear in the E group, represented by 
a differential SCR at the start of reinstatement that is almost as large in magnitude as the 
differential SCR from acquisition. In contrast, in our sample, both the PRE and E groups 
demonstrated a near zero differential SCR at the start of reinstatement, despite 
demonstrating a strong differential SCR during acquisition. Other PRE studies have also 
observed a small differential SCR in both the PRE and E group at the start of 
reinstatement and likewise have failed to show an advantage for PRE (e.g., Kindt & 
Soeter, 2013; Soeter & Kindt, 2011). One factor that may contribute to the small 
differential SCR that we and others have observed at the start of reinstatement is 
generalization of the fear response. 
Generalization of the fear response describes a situation when a participant starts 
to respond to the stimulus that was not associated with the UCS (CS-) with fear, as well 
as the stimulus that was associated with the UCS (CS+). Generalization of fear can 
complicate the ability to observe a PRE effect given that most studies of PRE use change 
in differential SCR as an outcome (Golkar et al., 2012; Soeter & Kindt, 2011), and 
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likewise we observed considerable generalization of fear in our sample. Towards the end 
of extinction participants’ SCRs to the CS- was significantly larger than their SCRs to the 
CS+ and during reinstatement there was no difference in SCRs to the CS+ and SCRs to 
the CS-. Generalization of fear is particularly common with anxious samples (Duits et al., 
2016; Lissek et al., 2005) and with the use of more intense unconditioned stimuli 
(Dunsmoor et al., 2017); our post-hoc analyses suggest that the use of the compound 
UCS predicted generalization in our sample. Furthermore, it is noteworthy that the 
direction of the PRE effect was reversed (reflecting an effect size of g = 0.14 in the 
expected direction of lower reinstatement for the PRE group) when reactivity to the CS+ 
alone was considered (without consideration of the CS-), providing support for the 
hypothesis that fear generalization to the CS- hindered our ability to detect a PRE effect.  
 An additional factor that may have influenced our ability to detect a PRE effect is 
CS-UCS contingency awareness. Given evidence for lower PRE effects when studies cue 
CS-UCS awareness by explicitly asking about it during acquisition (Kredlow et al., 
2016), we had planned to analyze PRE effects for participants who verbally abstracted 
the contingency versus those who had not. However, we were unable to examine this 
moderator effectively in our study, because the majority of participants (88%) were 
aware of the contingency. Given the high rate of contingency awareness in our sample, 
fear learning may have been particularly hippocampal-dependent, potentially impacting 
our ability to observe a PRE effect. Previous PRE studies have not typically reported 
rates of CS-UCS contingency awareness, so it is unclear how our high rate of 
contingency awareness compared to other studies. Awareness of the CS-UCS 
 115 
 
contingency typically leads to a larger differential SCR during acquisition (Javanbakht et 
al., 2017). For inclusion in our study we required a differential SCR of at least 0.1 microS 
across all acquisition trials, a more stringent criteria than that used by many PRE studies, 
which typically required a differential SCR of 0.1 microS across only a portion of 
acquisition (e.g., Asthana et al., 2016; Johnson & Casey, 2015; Liu et al., 2014; Oyarzun 
et al., 2012; Steinfurth et al., 2014). Thus, our stringent criteria for differential SCR 
during acquisition may have led to the selection of a sample with particularly 
hippocampal-dependent fear learning.  
A unique aspect of our study was the administration of PRE after multiple days of 
acquisition trials. However, there are some limitations to this subset of analyses. First, 
although there was not a significant gender difference between groups examined, the 
StrongAcquisitionPRE group consisted of all female participants. This limits the 
generalizability of our findings from that group. Second, our analyses were limited by the 
lack of a fourth group who received three days of acquisition followed by standard 
extinction. This would have allowed us to directly compare whether PRE or standard 
extinction is more effective for a memory conditioned across multiple days. Lastly, 
although our aim of repeating acquisition across three sequential days was to condition a 
stronger fear memory, it is unclear whether repeated conditioning actually led to a 
stronger fear memory. Memory strength is influenced by whether a memory has been 
retrieved and reconsolidated since initial encoding (Lee, 2008). We hypothesized that 
repeating conditioning on days 2 and 3 would lead to the retrieval and reconsolidation of 
the acquisition memory from day 1 without interference, thereby strengthening the 
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memory trace. If a stronger fear memory had been produced, we would have expected to 
see an increase in differential SCR across the three days of acquisition, or at least more 
resistance to extinction in the StrongAcquisitionPRE group. We did not, however, 
observe these patterns; differential SCR appeared to stay the same across the three days 
of acquisition and there was no difference in extinction between the PRE/E groups and 
StrongAcquisitionPRE group. Thus, rather than a stronger fear memory, it is possible that 
we created a more complex fear memory. 
Future Directions 
 Future research in this area would benefit from moving towards understanding 
individual differences, and predictors of, response to PRE versus extinction. Although it 
is useful to consider return of fear to be a distinguishing feature between extinction and 
reconsolidation interference, as seen in the current study, return of fear as assessed by 
differential SCR is not always observed after extinction. The assessment of return of fear 
is also complicated by generalization of fear responses to the CS-, as seen in our sample. 
Upon examining reactivity to the CS+ alone, we were left with a small non-significant 
effect in the expected direction (less return of fear in the PRE than the E group). This 
small effect may be a reflection of the fact that return of fear after PRE or extinction 
varies across individuals, with some individuals displaying no return of fear after 
extinction (Shumake, Jones, Auchter, & Monfils, in press). Thus, it may be the case that 
certain individuals more readily respond to extinction and others respond to PRE. This 
nuanced view is also in line with recent suggestions (Clem & Schiller, 2016) that a strict 
dichotomy between extinction as new learning and reconsolidation interference (e.g., 
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PRE) as unlearning is too simplistic a model for the data. Further research aimed at 
understanding factors that predict response to PRE versus extinction and differentiate 
PRE and extinction is needed.  
Given the differences in acquisition criteria used across studies, one factor that 
may predict response to PRE versus extinction could be the degree of differential fear 
learning during acquisition (i.e., whether participants are good/poor fear learners). Prior 
studies conducted with more lenient entry criteria for acquisition may be able to examine 
this question within their samples. In addition, the use of functional magnetic resonance 
imaging (fMRI) during conditioning, may help elucidate whether failure to observe PRE 
effects in the current and previous studies was a result of the acquisition paradigm and/or 
acquisition criteria leading to more hippocampal-dependent rather than amygdala-
dependent learning. Given that cued fear conditioning typically leads to weak fear 
memories (Grillon, 2009), further laboratory research that better simulates clinical fear 
memories that underlie anxiety and PTSD may be more ecologically valid and may help 
inform translation to the clinic. For example, this could potentially be achieved through 
the use of multiple days of conditioning such as in the current study or more ecologically 
valid conditioned stimuli and outcomes such as in other work (e.g., Marks & Zoellner, 
2014). In addition, instead of conditioning fears, examining real-life fears by bringing 
patients into the laboratory may circumvent some of challenges of conditioning (e.g., 
generalization). Recent work by Björkstrand and colleagues (2016; 2017) has started to 
examine these questions by exploring a post-retrieval exposure paradigm administered to 
spider phobic individuals during fMRI.  
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In addition, future research should also explore alternative PRE and 
reconsolidation interference procedures. For example, some research has explored PRE 
using the UCS to retrieve the fear memory (Liu et al., 2014; Luo et al., 2015), rather than 
the CS+. PRE with UCS retrieval may be a more potent intervention as it has been shown 
to attenuate the return of fear for fear-relevant stimuli as well as generalized threat 
responses (Liu et al., 2014; Luo et al., 2015), while PRE with CS+ retrieval, as used in 
the current study, has failed to interfere with fear-relevant memories (Fricchione et al., 
2016; Kredlow et al., 2016) and generalized threat responses (Kroes, Dunsmoor, Lin, 
Evans, & Phelps, 2017). In addition, although the use of a compound UCS has been 
shown to improve rates of fear acquisition (Kredlow et al., 2018) and aid in recruitment, 
in the current study it contributed to generalization of fear to the CS- during 
reinstatement, potentially obscuring PRE effects. Future research should continue to 
explore predictors of generalization of fear as well as safety learning (i.e., learning that 
the CS- is a safe stimulus), the impact of PRE and extinction on fear generalization and 
safety learning, and how these factors may relate to anxiety and traumatic stress disorder 
symptoms and treatment. Lastly, given difficulties replicating PRE effects, other novel 
approaches to harness reconsolidation that do not rely on extinction learning should also 
be explored (Kredlow et al., in press). 
In sum, our study failed to observe a PRE effect in a mixed healthy and anxious 
sample and we were unable to identify a moderator of PRE effects. We believe our 
failure to replicate prior PRE effects (Kredlow et al., 2016) was potentially due to fear 
generalization to the CS- or hippocampal-dependence of the fear memories. Our analyses 
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of return of fear as assessed by differential SCR were not significant and suggestive of 
less return of fear following extinction than PRE (g = -0.15). However, the differential 
SCR at the start of reinstatement was small due to generalization of fear to the CS-. Our 
analyses of return of fear as assessed by reactivity to the CS+ alone also did not suggest a 
significant advantage of PRE over E; however, the small effect size was in the direction 
of less return of fear in the PRE group (g = 0.14). These results are consistent with 
general difficulties replicating PRE effects (Fricchione et al., 2016; Golkar et al., 2012; 
Kindt & Soeter, 2013; Klucken et al., 2016; Soeter & Kindt, 2011). The current findings 
as well as unsuccessful attempts by others to translate PRE to the clinic (Shiban et al., 
2015; Maples-Keller et al., 2017) suggest that additional research in the laboratory is 
needed to understand the conditions under which PRE may attenuate the return of fear.  
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Chapter 5. General Discussion 
Summary of Findings 
The goal of the current dissertation was to further examine the efficacy and 
boundary conditions of PRE as a potential method to prevent the return of fear. In the 
first study (Chapter 2), I demonstrated via meta-analysis that PRE, on average, offers 
significantly better outcomes relative to standard extinction for preventing the return of 
fear in healthy adult participants. This was represented by a small-to-moderate significant 
overall effect size (g = 0.40). There was, however, considerable variability in effect sizes; 
effect sizes ranged from small and favoring extinction (g = -0.27) to large and favoring 
PRE (g = 1.14). I was able to identify several moderators that explained some of this 
variability. Moderation analyses indicated that CS and UCS characteristics that could 
potentially influence memory strength (i.e., fear-relevance of the stimuli, shock duration, 
number of acquisition trials) moderated PRE effects. Larger PRE effects were associated 
with fear-irrelevant stimuli, longer shock duration, and a larger number of acquisition 
trials. PRE effects were also moderated by the use of CS-UCS contingency ratings, with 
larger effects for studies that did not use contingency ratings. This result suggests that 
PRE is less effective when attention is draw to the CS-UCS contingency, potentially 
promoting declarative awareness and leading the fear memory to be hippocampal-
dependent. A lack of PRE studies in clinically anxious populations and results of 
moderator analyses prompted the following questions: 1) whether PRE would be 
effective if applied in an anxious population, 2) whether PRE would be effective for 
stronger fear memories, more similar to those that likely underlie anxiety disorders and 
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PTSD, and 3) whether the hippocampal-dependence of the fear memory, as assessed by 
CS-UCS contingency awareness, moderates PRE outcomes.  
Thus, I set out to examine the efficacy of PRE with fear memories developed 
through an enhanced conditioning paradigm. The purpose of using an enhanced 
conditioning paradigm was to improve rates of conditioning in my sample and explore 
whether this led to “stronger” conditioning. I attempted to enhance conditioning by 
manipulating the UCS used during acquisition (i.e., lengthening the shock duration and/or 
using a compound shock and scream UCS) (Chapter 3). I determined that the compound 
UCS improved the likelihood of participants acquiring an acceptable differential 
conditioned SCR (i.e., demonstrating a differential SCR > 0.1 microS). In fact, the 
compound UCS led to nearly double the rate of acquisition of a conditioned SCR as the 
single UCS (i.e., shock alone), and also increased mean magnitude of SCR to the CS+ 
and SCR to the CS-. As lack of differential conditioned SCR is a common problem in 
fear conditioning research, at times resulting in over 40% of participants being excluded 
from analyses (e.g., Guastella et al., 2007; Otto et al., 2014; Schiller et al., 2013), the 
compound UCS is potentially a useful method to improve rates of conditioning, reduce 
costs, and improve generalizability of research findings. In addition, this study replicated 
a prior finding (Kredlow et al., 2017) that African American race predicted failure to 
condition.  
With regard to the goal of “stronger” conditioning, however, I found that once 
meeting acquisition criteria (differential SCR > 0.1 microS) for inclusion in the study, all 
participants, regardless of whether they received the single or compound UCS, or short or 
 122 
 
long shock duration, demonstrated similar levels of acquisition and extinction. Thus, in 
the next study (Chapter 4), all groups (regardless of UCS type) were combined for 
examination of PRE effects on return of fear. A third group that received multiple days of 
conditioning was used to examine whether PRE would be effective for a potentially 
stronger, or at least more complex, fear memory. 
Next, in Chapter 4, I compared PRE and extinction in a mixed healthy and 
anxious population who received one day of acquisition (regardless of UCS type) on day 
1, followed by either PRE or extinction on day 2, and a test of reinstatement on day 3. 
My primary outcome was return of fear, as assessed by the change in differential SCR 
from the end of PRE/extinction to the beginning of reinstatement. The analyses did not 
reveal a significant difference in reinstatement of fear between the PRE and extinction 
groups as assessed by differential SCR. Both the PRE and the extinction groups 
demonstrated very little differential SCR reinstatement of fear. The effect size for 
differential SCR was small and non-significant, and contrary to my hypothesis, was 
suggestive of less return of fear in the extinction than the PRE group (g = -0.15).  
Given my observation that some participants did not maintain the acquired 
differential SCR from the end of acquisition to the start of PRE/extinction, potentially 
indicative of poor fear learning, I further restricted the sample by excluding these 
individuals. In this restricted sample, I still did not observe a significant effect of PRE on 
reinstatement of fear as assessed by differential SCR. Given that generalization of fear to 
the CS- was observed in my sample, I also examined the change in reactivity to the CS+ 
alone from the end of PRE/extinction to the beginning of reinstatement. Once again, I did 
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not observe a significant difference in return of reactivity to the CS+ between the PRE 
and E groups in my main sample or my more restricted sample. The effect size for 
reactivity to the CS+ in my main sample was also small and non-significant. It is 
noteworthy, however, that the direction of the effect was reversed, suggestive of lower 
reinstatement in the PRE than the extinction group (g = 0.14), when reactivity to the CS+ 
alone was considered (without consideration of the CS-). In sum, even with careful 
exploratory analyses attending to relevant subgrouping factors, I was not able to detect an 
overall PRE effect in my study. 
The purpose of using a mixed healthy and anxious sample in my PRE study was 
to examine whether anxiety symptoms moderated PRE effects. Inconsistent with research 
indicating that interference with reconsolidation via other means (i.e., the use of 
propranolol) is moderated by trait anxiety (Soeter & Kindt, 2013), I did not find that PRE 
effects were moderated by trait anxiety levels. Nor were PRE effects moderated by worry 
symptoms or group anxiety status. This indicates that the effect of PRE was not different 
for healthy and anxious participants, and that the lack of effect in my sample likely was 
not due to using a mixed sample of healthy and anxious participants.  
Given results from my meta-analysis indicating that the use of CS-UCS 
contingency ratings moderated PRE effects, I had set out to examine CS-UCS 
contingency awareness (a proxy for hippocampal-dependence of the memory) as a 
moderator of PRE effects. The large majority of my sample (88%) was aware of the CS-
UCS contingency and the rate of awareness did not differ between the PRE and E group. 
Given the high percentage of participants who were contingency aware and few 
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participants who were contingency unaware, I was unable to reliably examine CS-UCS 
contingency awareness as a moderator.  
Interestingly, the group of anxious participants who were conditioned over three 
days did not significantly differ in indices of return of fear from anxious participants who 
received one day of acquisition followed by PRE or extinction. In fact, they actually 
demonstrated significantly better re-extinction across the course of reinstatement than 
anxious participants who received one day of acquisition followed by PRE. Thus, 
although their return of fear did not differ, their recovery from and extinction of that fear 
was superior to that of anxious participants who received one day of acquisition followed 
by PRE. I did not, however, include a group who received three days of acquisition 
followed by extinction, so I cannot comment on whether PRE would be more effective 
than standard extinction for a fear memory conditioned over multiple days. Additionally, 
it is also unclear whether conditioning over multiple days actually led to a “stronger” fear 
memory. The data from the three days of conditioning indicated that the differential SCR 
was maintained, but did not increase across the three days. There was also no group 
effect during PRE/extinction; thus, three days of conditioning did not result in more 
resistance to extinction. Research is needed to more generally examine the impact of 
repeated conditioning on fear acquisition and extinction, and further explore the benefit 
of PRE for stronger and more complex fear memories. 
Research Implications from the Current Studies 
To date, the literature on PRE has been fraught with mixed results and variability 
in effect sizes. Although the meta-analysis (Chapter 2) presents an overall significant 
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positive effect, as mentioned, effect sizes ranged from small and favoring extinction (g = 
-0.27) to large and favoring PRE (g = 1.14). Furthermore, since the meta-analysis was 
conducted, more studies have been published with some replicating (Agren et al., 2016; 
Asthana et al., 2016; Björkstrand et al., 2016; Johnson & Casey, 2015; Liu et al., 2014; 
Steinfurth et al., 2014; Thompson & Lipp, 2017; Warren et al., 2014) and others failing to 
replicate (Fricchione et al., 2016; Klucken et al., 2016) PRE effects in the laboratory. My 
current study examining PRE in a mixed healthy and anxious population is added to the 
list of non-replications.  
Return of fear in extinction versus PRE. Interestingly, in my study, both the 
extinction and the PRE group demonstrated little reinstatement of fear as assessed by my 
primary outcome, differential SCR. Differential SCR is typically used as the primary 
outcome in conditioning studies and studies of PRE because it controls for reactivity to a 
stimulus (CS-) that was not associated with the aversive outcome (UCS) during 
acquisition. Thus, the difference is thought to represent learned fear, rather than reactivity 
alone. Based on this primary outcome, there was little return of learned/differential fear 
in both the PRE and E groups; as such, from these data, it would not be possible to 
conclude that PRE does not prevent the return of fear. This contrasts with prior failed 
PRE studies, which demonstrated return of fear in both the extinction and PRE group 
(e.g., Klucken et al., 2016) and prior successful PRE studies, which demonstrated return 
of fear in the extinction but not the PRE group (e.g., Schiller et al., 2010). However, as 
the minimal return of fear as assessed by differential SCR was likely due to fear 
generalization to the CS-, I examined the outcome of reactivity to the CS+ alone as a 
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secondary measure of return of fear. In these analyses, I did not find a significant 
difference between PRE and standard extinction on return of fear, although the direction 
of the effect suggested less return of fear in the PRE group (g = 0.14). This effect size, 
however, is still well below the average effect size presented in my meta-analysis (g = 
0.40; Kredlow et al., 2016). Hence, with the use of a different, albeit slightly less precise, 
measure of return of fear (reactivity to the CS+ alone), I did not find compelling evidence 
for a benefit of PRE over standard extinction.  
The minimal return of fear as assessed by differential SCR in both groups in my 
study, also raises an important point of discussion. Although it is useful to consider the 
return of fear to be a distinguishing feature between extinction and reconsolidation 
interference, return of fear following extinction and PRE varies across individuals, with 
averages presenting a benefit of PRE over extinction (Kredlow et al., 2016; Shumake et 
al., in press). Thus, it may be the case that certain participants more readily respond to 
extinction and others respond to PRE. This may explain the large variability in effect 
sizes across studies. This nuanced view is also in line with recent suggestions (Clem & 
Schiller, 2016) that a strict dichotomy between extinction as new learning and 
reconsolidation interference as unlearning is too simplistic a model for the data. 
Extinction is traditionally thought to form a new memory trace that competes with the 
existing original fear memory trace (Bouton, 2002). Return of fear can occur because the 
original fear memory trace is left untouched. In contrast, traditional reconsolidation 
theory posits that reconsolidation interference erases or weakens the original fear 
memory trace (i.e., that memory is “unlearned”). Clem and Schiller (2016) posit, and 
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provide recent neurobiological evidence to support, that a combination of these two 
processes (i.e., new inhibitory traces and unlearning of the original fear memory traces) 
may be occurring for any given intervention and depending on how much unlearning 
versus inhibitory learning occurs, the probability of return of fear changes. Further 
research aimed at understanding factors that predict response to and differentiate PRE 
versus extinction is needed.  
Acquisition and hippocampal-dependence. My study of PRE (Chapter 4) also 
raises questions about whether differences in sample selection and conditioning 
procedures may be contributing to variations in effect sizes and failures to replicate. As 
discussed in the Chapter 4, after completion of my study, I discovered that I used 
relatively strict criteria for acquisition compared to prior studies conducted on PRE. 
Discrepancies in acquisition criteria could have resulted in the type of participants and/or 
the type of memory created during acquisition being qualitatively different in my sample 
than in prior PRE study samples. For example, awareness of the CS-UCS contingency 
typically leads to a larger differential SCR during acquisition (Javanbakht et al., 2017). 
Given my more stringent differential SCR criteria for acquisition, it is possible that the 
type of acquisition represented in my sample reflects more awareness of the CS-UCS 
contingency, and possibly more hippocampal-dependent learning (Bechara et al., 1995; 
Schiller & Phelps, 2011; Weike et al., 2007). This is consistent with the high rates of CS-
UCS contingency awareness observed in my sample. The high rate of contingency 
awareness in my sample, suggestive of hippocampal-dependent fear, may have reduced 
the likelihood of observing a PRE effect as research suggests that PRE depends on 
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synaptic plasticity in the amygdala (Agren et al., 2012a; Bjorkstrand et al., 2016; Schiller 
et al., 2013). This hypothesis is also consistent with the results of my meta-analysis 
(Kredlow et al., 2016) in which I observed smaller PRE effects for studies that brought 
attention to the CS-UCS contingency.  
Given that CS-UCS contingency awareness is only a rough measure of 
hippocampal-dependence, I believe future research should explore whether the degree of 
hippocampal-dependence of the fear learning influences PRE effects by using fMRI 
during conditioning. In addition, contextual conditioning is known to produce more 
hippocampal-dependent fears. To my knowledge, only one study of PRE has been 
conducted using contextual conditioning in humans and found a non-significant small 
effect favoring extinction over PRE (Meir Drexler et al., 2014). Additional research with 
contextual conditioning, or other fear conditioning paradigms that produce more 
hippocampal-dependent fears (e.g., trace conditioning; Weike et al., 2007), may help 
elucidate whether PRE could be effective for hippocampal-dependent memories.  
Additionally, future research should more generally explore whether variations in 
acquisition criteria used explain some of the discrepant findings across samples in the 
PRE literature. As mentioned, my study used relatively strict criteria for acquisition 
compared to prior studies conducted on PRE; I required a differential SCR of at least 0.1 
microS across all of acquisition. In contrast, Steinfurth et al. (2014) allowed individuals 
who demonstrated a differential SCR (standardized based on the individual’s UCR) of at 
least 0.1 microS across only the last half of acquisition to enter their study. Other studies 
have used even more lenient criteria (Asthana et al., 2016; Johnson & Casey, 2015; Liu et 
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al., 2014; Oyarzun et al., 2012). For example, some did not use a 0.1 microS cutoff and 
simply required that the average SCR to the CS+ be larger, by any degree, than the 
average SCR to the CS- across all of acquisition (Asthana et al., 2016; Johnson & Casey, 
2015) or even just the last few trials of acquisition (Oyarzun et al., 2012). It would be 
beneficial to explore whether degree of differential conditioning during acquisition 
moderates PRE effects. Studies that used more lenient acquisition criteria could examine 
this question within existing datasets. Alternatively, participants who display various 
levels of differential SCR during acquisition could be recruited and randomized.  
Extinction component of PRE. Similarly, although the extinction criteria I used 
likely does not explain the lack of a PRE effect in my study because I applied the same 
extinction criteria as a recent successful PRE study (Steinfurth et al., 2014), it is possible 
that variations in extinction criteria could also be leading to discrepancies in findings 
across the literature. Similar to acquisition criteria, some studies have used more stringent 
extinction criteria (e.g., Steinfurth et al., 2014) requiring participants to display a 
differential SCR less than 0.1 microS by the end of extinction. Others have used more 
lenient or no extinction criteria (e.g., Fricchione et al., 2016). Some researchers have 
suggested that fully extinguishing the fear during the reconsolidation window may result 
in the fear memory being updated with better safety learning, leading to more effective 
attenuation of the return of fear (Lee et al., 2017). This hypothesis mirrors findings from 
the literature on memory enhancing drugs used in conjunction with extinction learning 
(for review, Otto et al., 2016; Smits et al., 2014; Telch et al., 2014). In studies on memory 
enhancing drugs, data suggest that extinction success moderates enhancement effects. 
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Specifically, the memory enhancer is most beneficial when it is paired with a therapy 
session that results in successful extinction learning, demonstrated by low subjective 
units of distress at the end of session (Otto et al., 2016; Smits et al., 2014; Telch et al., 
2014). If extinction during the reconsolidation window via PRE updates a fear memory 
with new information, it would be logical that it would be most beneficial to update the 
memory with successful extinction learning.  
If it is the case that PRE is only effective when extinction learning within the 
reconsolidation window is particularly successful, it is unclear how this would guide 
clinical translation. In the case of memory enhancers, there is the potential to give the 
memory enhancing agent after the exposure session, and only when a successful exposure 
session has been conducted (e.g., Telch et al., 2014). This would not be feasible with 
PRE, given that the fear memory would need to be retrieved prior to the exposure 
session. If PRE is only effective when extinction learning within the reconsolidation 
window is particularly successful, however, it would suggest that PRE procedures may be 
best translated for disorders for which a within exposure decrease in distress is typically 
observed (e.g., specific phobias), with the goal of preventing relapse, rather than for 
disorders where exposure success is less reliable and may depend on between rather than 
within session learning (e.g., PTSD). However, the few studies that have attempted to 
translate PRE to the clinic have been conducted with specific phobias with limited 
success (Maples-Keller et al., 2017; Shiban et al., 2015; Telch et al., 2017).  
Another potential avenue of future research would be to explore using cognitive 
enhancers to target the extinction component of PRE, a strategy for which there is 
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preliminary support in the animal literature (Shumake et al., in press). Shumake and 
colleagues (in press) randomized rats to receive one of four interventions: 1) extinction, 
2) extinction combined with the cognitive enhancer methylene blue, 3) PRE, or 4) PRE 
with the extinction component of PRE enhanced with methylene blue. Shumake and 
colleagues (in press) found the highest rates of return of fear in the extinction group, 
followed by similar rates of return of fear in the extinction plus methylene blue and PRE 
groups, and notably, the lowest rates of return of fear in the PRE plus methylene blue 
group. This suggests that memory enhancement of extinction, combined with memory 
replacement strategies using PRE, can have additive effects on the return of fear. 
 Another possibility may be to improve the extinction learning that takes place 
during the reconsolidation window of PRE by using verbal rehearsal or processing of the 
extinction. A recent study by Pile, Barnhofer, and Wild (2015) interfered with 
consolidation of laboratory conditioned trauma memories by asking participants to 
verbally devalue the UCS during the consolidation window. Although this study 
examined interference with consolidation rather than reconsolidation, these processes are 
similar and extinction during fear consolidation has also been shown to prevent the return 
of fear (Kredlow et al., in press). The approach of verbal rehearsal or processing after 
extinction is also consistent with clinical practice in exposure therapy, in which reflecting 
on learning from the exposure facilitates better outcomes (Craske, Treanor, Conway, 
Zbozinek, & Vervliet, 2014). Accordingly, PRE followed by processing that takes place 
during the reconsolidation window may be an approach worth exploring. 
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Challenges with de novo fear conditioning procedures. Another complicating 
factor related to acquisition and extinction criteria that I encountered in my PRE study 
(Chapter 4) was that a large portion of individuals did not maintain their acquired 
conditioned fear from the end of acquisition to the start of PRE/extinction. Typically, 
when fear is successfully acquired, participants will demonstrate differential SCR at the 
start of extinction, even if extinction occurs one day after acquisition. Lack of 
maintenance of fear was unexpected as prior studies of PRE have not reported that 
participants were excluded for this reason. It is possible that generalization of fear also 
affected the PRE/extinction period and contributed to this problem. Specifically, although 
a participant may demonstrate a large SCR to the CS+ at the start of extinction, 
generalization may result in a large SCR to the CS- as well, and consequently a small 
differential (CS+ minus CS-) SCR. Alternatively, the SCR to the CS+ may decrease from 
the end of acquisition to the start of extinction, resulting in a small SCR to the CS+ and 
the CS-, and consequently a small differential SCR. The former would reflect high fear to 
both stimuli, while the latter reflects low fear to both stimuli.  
The data from my PRE study (Chapter 4) indicate that both of these factors may 
have been involved. Approximately one third of the participants excluded for lack of 
maintenance of the acquired conditioned fear, displayed SCRs to the CS+ at the start of 
PRE/extinction which were equal to or larger than their SCRs to the CS+ at the end of 
acquisition. For these participants, in order to be excluded for lack of a differential SCR 
at the start of PRE/extinction, their SCRs to the CS- must have increased to be at a 
similar magnitude to that of the CS+. Thus, these participants maintained fear of the CS+ 
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and demonstrated robust generalization to the CS-. The remaining two thirds of 
participants excluded for lack of maintenance of the acquired conditioned fear, displayed 
SCRs to the CS+ at the start of PRE/extinction which were smaller than their SCRs to the 
CS+ at the end of acquisition, indicating that a drop in SCRs to CS+ contributed to the 
diminished differential SCR. In contrast to the former group, these participants 
demonstrated a relative loss of fear. As noted, analysis of these factors has been absent 
from previous conditioning studies of PRE (e.g., Schiller et al., 2010; Steinfurth et al., 
2014), and hence one important new direction for the conditioning literature is to 
examine individual differences that predict both poor maintenance of fear and, especially, 
strong generalization of fear. The former may be an indicator of resilience, whereas the 
latter may represent risk for generalized fears.   
I further addressed the issue of poor fear acquisition in Chapter 3. As discussed, a 
large number of participants (over 40% in some studies) do not display a differential SCR 
by the end of acquisition (e.g., Guastella et al., 2007; Otto et al., 2014; Schiller et al., 
2013). Failure to acquire or maintain a differential SCR makes it challenging to recruit 
participants for fear conditioning studies and also limits the generalizability of research 
findings, particularly for some groups of participants who are disproportionately 
excluded due to lack of differential SCR (i.e., African American participants; Kredlow et 
al., 2017). As detailed in Chapter 3, I examined variations to the UCS used during 
acquisition in order to enhance conditioning and reduce the numbers of participants who 
fail to acquire a differential SCR. A valuable secondary finding of this dissertation 
(Chapter 3) was that using a compound UCS (shock combined with a scream noise) 
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improved rates of differential SCR conditioning by nearly two fold compared to using a 
single UCS (shock alone). Thus, the use of a compound UCS may improve recruitment, 
reduce research costs, and improve generalizability of findings from conditioning 
research. However, this benefit may come with a drawback. The use of the compound 
UCS was associated with greater generalization of fear to the CS- at reinstatement in my 
PRE study (Chapter 4), potentially contributing to our difficulty observing a PRE effect. 
Thus, the use of a compound UCS may be most beneficial for studies aimed at 
understanding fear generalization and when used in studies of extinction or PRE, it may 
require examining reactivity to the CS+ alone as an outcome.  
Future research should continue to explore variations to conditioning paradigms 
in order to minimize the number of participants excluded from analyses because of 
failure to condition or maintain conditioned fear from acquisition to extinction. In 
addition, as discussed, one challenge with typical cued fear conditioning paradigms is 
that they lead to weak fear memories that may not necessarily represent the type of fear 
memories that underlie anxiety or traumatic stress disorders (Grillon, 2009). This may 
partially explain why findings from the fear conditioning laboratory are not necessarily 
successfully translated to the clinic. Additional research into enhanced conditioning 
paradigms and conditioning paradigms that better emulate clinical fears (e.g., Huff, 
Zielinski, Fecteau, Brady, & LaBar, 2010; Marks & Zoellner, 2014), may improve our 
ability to translate novel interventions such as PRE from the laboratory to the clinic. 
Barriers to PRE Implementation and Other Future Directions 
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An additional factor that complicates the translation of PRE to the clinic (that was 
not examined in my study) is generalization of PRE learning beyond the CS+ used during 
acquisition. With clinical anxiety, fear is typically not constrained to one stimulus even if 
only one stimulus was involved in a direct conditioning experience (e.g., the dog that bit 
a child); rather, fear generalizes to many related stimuli (e.g., all dogs), forming a 
generalized threat response. In a recent study of PRE, Kroes et al. (2017) attempted to 
determine whether PRE could disrupt a generalized threat response. Rather than using 
one shape as the CS+ and another as the CS-, they used multiple different images of fish 
and birds and one category served as the CS+ and the other the CS-. PRE that involved 
retrieving the memory with a prototypical exemplar from the category (i.e., a fish that 
was not presented during conditioning but a prototypical fish) followed by extinction 
with the fish that had been presented during conditioning, did not prevent the return of 
fear for the conditioned items. The authors concluded that this indicates that the potential 
benefit of PRE for clinical fears may be limited.   
The results of this study mirror my meta-analytical findings regarding the use of 
fear-relevant stimuli in Chapter 2. Studies that used fear-relevant stimuli (such as pictures 
of spiders or snakes) failed to observe a PRE effect, whereas studies that used fear-
irrelevant stimuli (which are stimuli without specific meaning, such as a colored shape) 
found a PRE effect. As noted in the meta-analysis, this failure to observe a PRE effect 
may be due to the fact that the fear-relevant stimuli are associated with a diffuse network 
of memory representations (i.e., a picture of a snake has rich associations of meanings, 
and, likely, multiple episodic memories as well). Likewise, the prototypical exemplar 
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used to retrieve the memory in the Kroes et al. (2017) study is linked by verbal category 
to the fish displayed during conditioning. Simply using the prototypical exemplar may 
not have been sufficient to retrieve and destabilize the entire network of memory 
representations for the category of stimuli (e.g., all the associations to a snake). It is 
possible that a more potent or repeated retrieval procedure(s) may be needed to find PRE 
effects with stimuli linked to a broader network of memories. Post-extinction processing, 
as described above, could also be explored as a method to aid in the generalization of 
learning from PRE.  
Another method of fear memory retrieval that may address the issue of PRE 
generalization, is to use the UCS (e.g., in my study, the shock/scream stimulus), rather 
than the CS+, to retrieve the memory during PRE. An initial study by Liu et al. (2014) 
demonstrated that using the UCS as the retrieval cue prevented the return of fear to 
multiple CS+s that were associated with the UCS, thus leading to generalization of PRE 
learning. Thompson and Lipp (2017) replicated this finding and further demonstrated that 
PRE with UCS retrieval prevented the return of fear for fear-relevant and fear-irrelevant 
stimuli. This is particularly noteworthy given that my meta-analysis (Kredlow et al., 
2016) as well as a subsequent study (Fricchione et al., 2016) did not show a significant 
effect of PRE for fear-relevant stimuli, which has led some to question the potential for 
clinical translation of PRE (Fricchione et al., 2016). Furthermore, in a study examining 
CREB activation with UCS retrieval versus CS retrieval, followed by propranolol to 
interfere with memory reconsolidation (Huang, Zhu, Zhou, Liu, & Ma, 2017), UCS 
retrieval was found to activate more memory traces than CS retrieval and led to 
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reconsolidation of more CS-UCS associations. Thus, PRE with UCS retrieval may lead to 
greater destabilization of the fear memory, and may be particularly effective for a 
generalized fear memory. This is important given that unsuccessful destabilization of the 
fear memory during retrieval has been identified as a potential explanation for prior failed 
PRE studies (Lee et al., 2017).  
It is also possible that using the UCS as the retrieval cue during PRE may lead to 
better outcomes via the enhancement of prediction error and inhibitory learning, as the 
negative consequence (UCS) is directly primed prior to extinction. The use of UCS 
retrieval is reminiscent of the inhibitory learning approach of occasional reinforced 
extinction (Craske et al., 2014) which involves occasional CS-UCS pairings interspersed 
throughout extinction training. Conditioning studies have demonstrated that occasional 
reinforced extinction also attenuates the return of fear, rather than enhancing extinction 
(Bouton, Woods, & Pineño, 2004; Culver, Stevens, Fanselow, & Craske, 2018). 
Although this procedure does not involve a delay between the CS-UCS presentation and 
CS presentations of extinction as in PRE, it is possible that these two interventions may 
involve similar processes given that they both involve presentation of the UCS and 
prevent return of fear. Future research should continue to explore the use of UCS 
retrieval in PRE and also compare it to occasional reinforced extinction.   
Nonetheless, PRE with UCS retrieval may have translational limitations as it is 
not possible to fully activate the UCS clinically. If the UCS represents a naturally 
aversive experience (e.g., a dog bite) that led to a fear, it would not be ethical to use this 
stimulus to retrieve a fear memory. It could be possible, however, to use imaginal 
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retrieval of the UCS to produce a similar effect. For example, it is common to use 
imaginal exposure in the treatment of anxiety and traumatic stress disorders and imaginal 
exposure often does include imagining the actual aversive experience that occurred or a 
hypothetical aversive experience that could occur (e.g., Cooper, Clifton, & Feeny, 2017; 
Fracalanza, Koerner, & Antony, 2014). In the case of PTSD, retrieval of the UCS could 
be achieved through a brief recounting of the most negative aspect of the trauma memory 
(e.g., the dog bite). For PRE, this could be followed by in-vivo exposure to neutral cues 
(e.g., dogs). Another possibility would be to use a milder version of the UCS to retrieve 
the fear memory. For example, in social anxiety disorder the UCS may be represented by 
rejection following utter humiliation when a crowd of people laugh and point at someone 
during a speech. A degraded version of the UCS may involve one person laughing at a 
speech (this potentially represents a particular element of the UCS that may be linked to 
the full, feared cascade of events that describes the core feared outcome). Such degraded 
feared outcomes are often used during social cost exposures which aim to help patients 
realize that the experiences they fear are in fact tolerable (Fang, Sawyer, Asnaani, & 
Hofmann, 2013). In this scenario, PRE would involve retrieval of the fear memory with a 
degraded UCS via a brief interaction during which a patient is laughed at by a 
confederate, followed by a speech exposure as typically conducted. 
Research regarding UCS retrieval also highlights a potentially important 
distinction in PRE research that may explain some of the conflicting results of studies 
that have attempted to translate PRE to the clinic. A key difference between Telch et al.’s 
(2017) study and Shiban et al.’s (2015) and Maples-Keller et al.’s (2017) studies is that 
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Telch and colleagues (2017) instructed participants to imagine a specific encounter that 
they had had with the feared stimulus (i.e., snake/spider) in the past, while Shiban et al. 
(2015) and Maples-Keller et al. (2017) just presented an virtual reality image/scene of the 
stimulus with no instructions. Recalling a specific personal encounter may have resulted 
in more extensive reactivation of the memory traces associated with the fear in Telch et 
al.’s (2017) study, therefore increasing the likelihood of attenuation of return of fear. 
Interestingly, of the three clinical translations, Telch and colleagues (2017) found the 
most promising results. Participants in their post-retrieval exposure therapy group 
demonstrated lower fear during the behavioral approach test at follow up, than 
participants in the standard exposure therapy group. In addition, participants in the post-
retrieval exposure therapy group also demonstrated more rapid fear attenuation during 
exposure relative to the standard exposure therapy group. This was unexpected because 
typically, interference with reconsolidation does not impact extinction itself, but serves to 
prevent the return of fear. More rapid fear attenuation during exposure would suggest an 
enhancement of extinction, rather than interference with reconsolidation. This is in line 
with the hypothesis discussed above that inhibitory learning may also be occurring, 
potentially enhancing extinction and preventing the return of fear simultaneously. 
Consistent with Clem and Schiller’s (2016) model, this intervention may have involved 
the formation of new inhibitory traces and unlearning of original fear memory traces. 
Given challenges with translation of PRE to the clinic and questions about how to 
best retrieve the fear memory, it may be useful to continue exploring PRE in the 
laboratory with clinical populations, prior to conducting additional studies in the clinic. A 
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model that may provide more insight into the benefit of PRE for clinical populations than 
having clinical populations undergo conditioning, is that used by Björkstrand and 
colleagues (2016; 2017) in a recent PRE study. Rather than conditioning healthy or 
anxious participants, they brought spider phobic patients into the laboratory. They did not 
administer PRE as a full treatment, but rather examined the impact of retrieving 
participants’ spider fear memories with an image of a spider, followed by exposure to 
repeated images of spiders within or outside the reconsolidation window. They conducted 
these procedures while participants were in an fMRI scanner and were thus able to 
examine activation of brain regions of interest. A day later, to assess for return of fear, 
they examined fMRI activity upon re-exposure to the image of the spider and used a 
behavioral approach test that also involved viewing pictures of spiders. Their results 
demonstrated that PRE attenuated activity in the basolateral amygdala at re-exposure and 
also facilitated approach behavior to spider pictures. Furthermore, approach behavior was 
inversely related to amygdala activity during re-exposure. They conducted a follow up 
assessment with the same outcomes 6 months later and found that these effects persisted 
(Björkstrand et al., 2017).  
Of note, given that the intervention was a brief PRE task, this study did not 
involve symptom measures or a behavioral approach test with live stimuli as outcomes, 
as in the clinic studies mentioned above. Thus, this study is not a full clinical translation 
of PRE. Nonetheless, this study presents a nice hybrid between a clinical translation and a 
laboratory study. It circumvents the challenges posed by conditioning anxious 
participants, such as fear generalization and failure to condition. It also uses a real fear 
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memory, rather than a fear memory created in the laboratory, and is thus more 
ecologically valid. A similar design could be used to further explore how to best translate 
the PRE conditioning protocol into an exposure-based treatment in patients and 
specifically explore variations in memory retrieval and extinction procedures. This would 
also be a useful model through which to explore the individual participant and memory 
factors described above that may moderate PRE effects. 
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Table 1A (Chapter 2) 
Animal - Fear Study Characteristics 
Study Information Study Design 
First 
Author(s) Year 
Exp 
# 
Effect Size, 
Direction n Test Type 
Between- 
or Within- 
Subjects 
Design 
Baker  2013 1 Moderate/+ 24 Renewal Between 
Baker  2013 2a Small/+ 28 
Renewal 
(Retrieval in B) 
Between 
Baker  2013 2b Small/+ 26 
Renewal 
(Retrieval in A) 
Between 
Baker  2013 3 
Moderate to 
large/+ 
18 Renewal Between 
Chan  2010 1 Large/- ** 16 Renewal Between 
Chan  2010 2a Moderate/+ 16 Renewal Between 
Chan  2010 2b Large/- *** 16 Renewal Between 
Chan  2010 3 Small/- 16 Renewal Between 
Chan  2010 4a Moderate/- 16 Reinstatement Between 
Chan 2010 4b Large/- ** 12 Reinstatement Within 
Chan  2014 5a Large/- * 15 Reacquisition Between 
Chan  2014 6c Small/+ 15 Reacquisition Between 
Chan  2014 7a Small/+ 16 Reacquisition Between 
Chan  2014 8a Small/+ 16 Reacquisition Between 
Chan  2014 9c Large/- 16 Reacquisition Between 
Clem 2010 1a Large/+ * 15 
Spontaneous 
Recovery  Between 
(Day 1) 
Clem 2010 1b Large/+ *** 15 
Renewal  
Between 
(Day 1) 
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Clem 2010 1c Large/+ ** 15 
Spontaneous 
Recovery  Between 
(Day 7) 
Clem 2010 1d Large/+ ** 15 
Renewal  
Between 
(Day 7) 
Flavell 2011 2 Large/- 16 Reinstatement Between 
Flavell 2011 3 Large/+ ** 24 Reacquisition Between 
Ishii 2012 1a Small/- 18 Renewal Between 
Ishii 2012 1b Small/- 18 
Spontaneous 
Recovery 
Between 
Ishii 2012 2a Small/- 18 Renewal  Between 
Ishii 2012 2b Small/- 18 
Spontaneous 
Recovery 
Between 
Ishii 2012 3 Small/- 18 
Spontaneous 
Recovery 
Between 
Jones 2013 1 Large/+ ** 22 
Spontaneous 
Recovery 
Between 
Monfils 2009 1a Large/+ * 20 
Spontaneous 
Recovery  Between 
(10 min) 
Monfils 2009 1b Large/+ *** 20 
Spontaneous 
Recovery (1 hr) 
Between 
Monfils 2009 2 Large/+ ** 16 Renewal Between 
Monfils 2009 3 Large/+ * 16 Reinstatement Between 
Monfils 2009 6 Large/+ ** 23 Reacquisition Between 
Olshavsky 2013b 1 Large/+ ** 67 
Spontaneous 
Recovery 
Between 
Rao-Ruiz 2011 9 Large/+ *** 20 
Spontaneous 
Recovery 
Between 
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Table 1A cont. (Chapter 2)  
Animal - Fear Study Characteristics   
Study Information Subject Characteristics 
First 
Author(s) Year 
Exp 
# 
Effect Size, 
Direction 
Animal 
type 
% 
Female Age 
# Housed 
Together 
Baker  2013 1 Moderate/+ Rats 0% 
34-37 
days 
6-8 
Baker  2013 2a Small/+ Rats 0% 
34-37 
days 
6-8 
Baker  2013 2b Small/+ Rats 0% 
34-37 
days 
6-8 
Baker  2013 3 
Moderate to 
large/+ 
Rats 0% 
34-37 
days 
6-8 
Chan  2010 1 Large/- ** Rats 0% Adult 8 
Chan  2010 2a Moderate/+ Rats 0% Adult 8 
Chan  2010 2b Large/- *** Rats 0% Adult 8 
Chan  2010 3 Small/- Rats 0% Adult 8 
Chan  2010 4a Moderate/- Rats 0% Adult 8 
Chan 2010 4b Large/- ** Rats 0% Adult 8 
Chan  2014 5a Large/- * Rats 0% Adult 8 
Chan  2014 6c Small/+ Rats 0% Adult 8 
Chan  2014 7a Small/+ Rats 0% Adult 8 
Chan  2014 8a Small/+ Rats 0% Adult 8 
Chan  2014 9c Large/- Rats 0% Adult 8 
Clem 2010 1a Large/+ * Mice 0% 
30-50 
days 
No info 
Clem 2010 1b Large/+ *** Mice 0% 
30-50 
days 
No info 
Clem 2010 1c Large/+ ** Mice 0% 
30-50 
days 
No info 
        
Clem 2010 1d Large/+ ** Mice 0% 
30-50 
days 
No info 
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Flavell 2011 2 Large/- Rats 0% Adult 4 
Flavell 2011 3 Large/+ ** Rats 0% Adult 4 
Ishii 2012 1a Small/- Mice 0% 56 days 1 
Ishii 2012 1b Small/- Mice 0% 56 days 1 
Ishii 2012 2a Small/- Mice 0% 56 days 1 
Ishii 2012 2b Small/- Mice 0% 56 days 1 
Ishii 2012 3 Small/- Mice 0% 56 days 1 
Jones 2013 1 Large/+ ** Rats 0% 
Not 
specified 
2 
Monfils 2009 1a Large/+ * Rats 0% 
Not 
specified 
1 
Monfils 2009 1b Large/+ *** Rats 0% 
Not 
specified 
1 
Monfils 2009 2 Large/+ ** Rats 0% 
Not 
specified 
1 
Monfils 2009 3 Large/+ * Rats 0% 
Not 
specified 
1 
Monfils 2009 6 Large/+ ** Rats 0% 
Not 
specified 
1 
Olshavsky 2013b 1 Large/+ ** Rats 0% 
Not 
specified 
No info 
Rao-Ruiz 2011 9 Large/+ *** Mice 0% 
56-70 
days 
1 
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Table 1A cont. (Chapter 2)  
Animal - Fear Study Characteristics   
Study Information Conditioning Procedures 
First 
Author(s) Year 
Exp 
# 
Effect Size, 
Direction CS UCS 
UCS 
Duration 
(msec) 
UCS 
Intensity 
(mA) 
Baker  2013 1 Moderate/+ 
White 
Noise  
Shock 1000 0.6 
Baker  2013 2a Small/+ 
White 
Noise  
Shock 1000 0.6 
Baker  2013 2b Small/+ 
White 
Noise  
Shock 1000 0.6 
Baker  2013 3 
Moderate to 
large/+ 
White 
Noise  
Shock 1000 0.6 
Chan  2010 1 Large/- ** Tone Shock 500 0.7 
Chan  2010 2a Moderate/+ Tone Shock 500 0.7 
Chan  2010 2b Large/- *** Tone Shock 500 0.7 
Chan  2010 3 Small/- Tone Shock 500 0.7 
Chan  2010 4a Moderate/- 
Flashing 
light + 
Tone 
Shock 500 0.7 
Chan 2010 4b Large/- ** 
Flashing 
light + 
Tone 
Shock 500 0.5 
Chan  2014 5a Large/- * Tone Shock 500 0.3 
Chan  2014 6c Small/+ Tone Shock 500 0.8 
Chan  2014 7a Small/+ Tone Shock 500 0.3 
Chan  2014 8a Small/+ Context Shock 500 0.3 
Chan  2014 9c Large/- Context Shock 500 0.8 
Clem 2010 1a Large/+ * Tone Shock 2000 1.5 
Clem 2010 1b Large/+ *** Tone Shock 2000 1.5 
Clem 2010 1c Large/+ ** Tone Shock 2000 1.5 
Clem 2010 1d Large/+ ** Tone Shock 2000 1.5 
 147 
 
Flavell 2011 2 Large/- 
Auditory 
Clicker 
Shock 500 0.5 
Flavell 2011 3 Large/+ ** Context Shock 2000 0.5 
Ishii 2012 1a Small/- Tone Shock 2000 0.75 
Ishii 2012 1b Small/- Tone Shock 2000 0.75 
Ishii 2012 2a Small/- Tone Shock 2000 0.75 
Ishii 2012 2b Small/- Tone Shock 2000 0.75 
Ishii 2012 3 Small/- Tone Shock 2000 0.75 
Jones 2013 1 Large/+ ** Light Shock 500 0.7 
Monfils 2009 1a Large/+ * Tone Shock 500 0.7 
Monfils 2009 1b Large/+ *** Tone Shock 500 0.7 
Monfils 2009 2 Large/+ ** Tone Shock 500 0.7 
Monfils 2009 3 Large/+ * Tone Shock 500 0.7 
Monfils 2009 6 Large/+ ** Tone Shock 500 0.7 
Olshavsky 2013b 1 Large/+ ** Tone Shock 500 0.85 
Rao-Ruiz 2011 9 Large/+ *** Context Shock 2000 0.7 
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Table 1B (Chapter 2) 
Animal - Fear Study Characteristics cont. 
Study Information 
Conditioning Procedures 
cont. 
First 
Author(s) Year Exp # 
Effect Size/ 
Direction 
Duration of 
Acquisition, # 
UCS 
Administratio
ns (Context 
Conditioning) 
# of 
Acquisition 
Trials (Cued 
Conditioning) 
Baker  2013 1 Moderate/+ N/A 3 
Baker  2013 2a Small/+ N/A 3 
Baker  2013 2b Small/+ N/A 3 
Baker  2013 3 
Moderate to 
large/+ 
N/A 3 
Chan  2010 1 Large/- ** N/A 3 
Chan  2010 2a Moderate/+ N/A 3 
Chan  2010 2b Large/- *** N/A 3 
Chan  2010 3 Small/- N/A 3 
Chan  2010 4a Moderate/- N/A 3 
Chan 2010 4b Large/- ** N/A 4 
Chan  2014 5a Large/- * N/A 3 
Chan  2014 6c Small/+ N/A 3 
Chan  2014 7a Small/+ N/A 3 
Chan  2014 8a Small/+ 180s, 1 UCS N/A 
Chan  2014 9c Large/- 180s, 1 UCS N/A 
Clem 2010 1a Large/+ * N/A 6 
Clem 2010 1b Large/+ *** N/A 6 
Clem 2010 1c Large/+ ** N/A 6 
Clem 2010 1d Large/+ ** N/A 6 
Flavell 2011 2 Large/- N/A 2 
Flavell 2011 3 Large/+ ** 180s, 1 UCS N/A 
Ishii 2012 1a Small/- N/A 6 
Ishii 2012 1b Small/- N/A 6 
Ishii  2012 2a Small/- N/A 6 
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Ishii  2012 2b Small/- N/A 6 
Ishii 2012 3 Small/- N/A 6 
Jones 2013 1 Large/+ ** N/A 3 
Monfils 2009 1a Large/+ * N/A 3 
Monfils 2009 1b Large/+ *** N/A 3 
Monfils 2009 2 Large/+ ** N/A 3 
Monfils 2009 3 Large/+ * N/A 3 
Monfils 2009 6 Large/+ ** N/A 3 
Olshavsky 2013b 1 Large/+ ** N/A 3 
Rao-Ruiz 2011 9 Large/+ *** 180s, 1 UCS N/A 
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Table 1B cont. (Chapter 2) 
Animal - Fear Study Characteristics cont. 
Study Information 
Conditioning Procedures 
cont. 
First 
Author(s) Year 
Exp 
# 
Effect 
Size/ 
Direction 
Reinforcement 
Schedule 
# of 
Reinforced 
Acquisition 
Trials 
Baker  2013 1 Moderate/+ 100% 3 
Baker  2013 2a Small/+ 100% 3 
Baker  2013 2b Small/+ 100% 3 
Baker  2013 3 
Moderate 
to large/+ 
100% 3 
Chan  2010 1 Large/- ** 100% 3 
Chan  2010 2a Moderate/+ 100% 3 
Chan  2010 2b 
Large/- 
*** 
100% 3 
Chan  2010 3 Small/- 100% 3 
Chan  2010 4a Moderate/- 100% 3 
Chan 2010 4b Large/- ** 100% 4 
Chan  2014 5a Large/- * 100% 3 
Chan  2014 6c Small/+ 100% 3 
Chan  2014 7a Small/+ 100% 3 
Chan  2014 8a Small/+ N/A N/A 
Chan  2014 9c Large/- N/A N/A 
Clem 2010 1a Large/+ * 100% 6 
Clem 2010 1b 
Large/+ 
*** 
100% 6 
Clem 2010 1c Large/+ ** 100% 6 
Clem 2010 1d Large/+ ** 100% 6 
Flavell 2011 2 Large/- 100% 2 
Flavell 2011 3 Large/+ ** N/A N/A 
Ishii 2012 1a Small/- 100% 6 
Ishii 2012 1b Small/- 100% 6 
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Ishii  2012 2a Small/- 100% 6 
Ishii  2012 2b Small/- 100% 6 
Ishii 2012 3 Small/- 100% 6 
Jones 2013 1 Large/+ ** 100% 3 
Monfils 2009 1a Large/+ * 100% 3 
Monfils 2009 1b 
Large/+ 
*** 
100% 3 
Monfils 2009 2 Large/+ ** 100% 3 
Monfils 2009 3 Large/+ * 100% 3 
Monfils 2009 6 Large/+ ** 100% 3 
Olshavsky 2013b 1 Large/+ ** 100% 3 
Rao-Ruiz 2011 9 
Large/+ 
*** 
N/A N/A 
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Table 1B cont. (Chapter 2) 
Animal - Fear Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year 
Exp 
# 
Effect Size/ 
Direction 
Duration of 
memory retrieval 
(seconds) 
Time between 
Retrieval and 
Extinction (min) 
Baker  2013 1 Moderate/+ 10 10 
Baker  2013 2a Small/+ 10 10 
Baker  2013 2b Small/+ 10 10 
Baker  2013 3 
Moderate to 
large/+ 
10 10 
Chan  2010 1 Large/- ** 20 90 
Chan  2010 2a Moderate/+ 20 90 
Chan  2010 2b Large/- *** 20 90 
Chan  2010 3 Small/- 20 10 
Chan  2010 4a Moderate/- 30 10 
Chan 2010 4b Large/- ** 30 10 
Chan  2014 5a Large/- * 120 10 
Chan  2014 6c Small/+ 120 10 
Chan  2014 7a Small/+ 120 10 
Chan  2014 8a Small/+ 300 10 
Chan  2014 9c Large/- 300 10 
Clem 2010 1a Large/+ * 20 30 
Clem 2010 1b Large/+ *** 20 30 
Clem 2010 1c Large/+ ** 20 30 
Clem 2010 1d Large/+ ** 20 30 
Flavell 2011 2 Large/- 60 60 
Flavell 2011 3 Large/+ ** 120 60 
Ishii 2012 1a Small/- 20 30 
Ishii 2012 1b Small/- 20 30 
Ishii  2012 2a Small/- 20 30 
Ishii  2012 2b Small/- 20 30 
Ishii 2012 3 Small/- 20 30 
Jones 2013 1 Large/+ ** 20 10 
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Monfils 2009 1a Large/+ * 20 10 
Monfils 2009 1b Large/+ *** 20 60 
Monfils 2009 2 Large/+ ** 20 60 
Monfils 2009 3 Large/+ * 20 60 
Monfils 2009 6 Large/+ ** 20 60 
Olshavsky 2013b 1 Large/+ ** 20 10 
Rao-Ruiz 2011 9 Large/+ *** 180 120 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 154 
 
Table 1B cont. (Chapter 2) 
Animal - Fear Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year Exp # 
Effect Size/ 
Direction 
Duration of 
Extinction 
(Context 
Conditioning) 
# of 
Extinction 
Trials (Cued 
Conditioning) 
Baker  2013 1 Moderate/+ N/A 31 
Baker  2013 2a Small/+ N/A 31 
Baker  2013 2b Small/+ N/A 31 
Baker  2013 3 
Moderate to 
large/+ 
N/A 31 
Chan  2010 1 Large/- ** N/A 19 
Chan  2010 2a Moderate/+ N/A 19 
Chan  2010 2b Large/- *** N/A 19 
Chan  2010 3 Small/- N/A 19 
Chan  2010 4a Moderate/- N/A 19 
Chan 2010 4b Large/- ** N/A 21 
Chan  2014 5a Large/- * N/A 12 
Chan  2014 6c Small/+ N/A 12 
Chan  2014 7a Small/+ N/A 12 
Chan  2014 8a Small/+ 30 min N/A 
Chan  2014 9c Large/- 30 min N/A 
Clem 2010 1a Large/+ * N/A 38 
Clem 2010 1b Large/+ *** N/A 38 
Clem 2010 1c Large/+ ** N/A 38 
Clem 2010 1d Large/+ ** N/A 38 
Flavell 2011 2 Large/- N/A 11 
Flavell 2011 3 Large/+ ** 30 min N/A 
Ishii 2012 1a Small/- N/A 40 
Ishii 2012 1b Small/- N/A 40 
Ishii  2012 2a Small/- N/A 80 
Ishii  2012 2b Small/- N/A 80 
Ishii 2012 3 Small/- N/A 80 
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Jones 2013 1 Large/+ ** N/A 19 
Monfils 2009 1a Large/+ * N/A 19 
Monfils 2009 1b Large/+ *** N/A 19 
Monfils 2009 2 Large/+ ** N/A 19 
Monfils 2009 3 Large/+ * N/A 19 
Monfils 2009 6 Large/+ ** N/A 19 
Olshavsky 2013b 1 Large/+ ** N/A 19 
Rao-Ruiz 2011 9 Large/+ *** 30 min N/A 
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Table 1B cont. (Chapter 2) 
Animal - Fear Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year Exp # 
Effect 
Size/ 
Direction 
Time between 
Acquisition and 
Extinction 
(Memory Age) 
Time between 
Extinction and 
Test 
Baker  2013 1 Moderate/+ 24h 24-48h 
Baker  2013 2a Small/+ 24h 24-48h 
Baker  2013 2b Small/+ 24h 24-48h 
Baker  2013 3 
Moderate 
to large/+ 
24h 24-48h 
Chan  2010 1 Large/- ** 24h 48h 
Chan  2010 2a Moderate/+ 24h 48h 
Chan  2010 2b 
Large/- 
*** 
24h 48h 
Chan  2010 3 Small/- 24h 48h 
Chan  2010 4a Moderate/- 24h 48h 
Chan 2010 4b Large/- ** 24h 72h 
Chan  2014 5a Large/- * 48h 24h 
Chan  2014 6c Small/+ 48h 24h 
Chan  2014 7a Small/+ 48h 24h 
Chan  2014 8a Small/+ 48h 48h 
Chan  2014 9c Large/- 48h 48h 
Clem 2010 1a Large/+ * 24h 24h 
Clem 2010 1b 
Large/+ 
*** 
24h 24h 
Clem 2010 1c Large/+ ** 24h 6 days 
Clem 2010 1d Large/+ ** 24h 6 days 
Flavell 2011 2 Large/- 24h 24h 
Flavell 2011 3 Large/+ ** 24h 24h 
Ishii 2012 1a Small/- 24h 24h 
Ishii 2012 1b Small/- 24h 24h 
Ishii  2012 2a Small/- 24h 24h 
Ishii  2012 2b Small/- 24h 24h 
Ishii 2012 3 Small/- 24h 24h 
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Jones 2013 1 Large/+ ** 24h 24h 
Monfils 2009 1a Large/+ * 24h 30 days 
Monfils 2009 1b 
Large/+ 
*** 
24h 30 days 
Monfils 2009 2 Large/+ ** 24h 48h 
Monfils 2009 3 Large/+ * 24h 48h 
Monfils 2009 6 Large/+ ** 24h 24h 
Olshavsky 2013b 1 Large/+ ** 24h 22 days 
Rao-Ruiz 2011 9 
Large/+ 
*** 
24h 14 days 
Note. *p<0.05 **p<0.01 ***p<0.001 
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Table 2A (Chapter 2) 
Animal – Appetitive Study Characteristics  
Study Information Study Design 
First 
Author(s) Year Exp # 
Effect Size/ 
Direction n Test Type 
Between- or 
Within- 
Subjects 
Design 
Flavell 2011 1a Large/+** 14 
Spontaneous 
Recovery 
Between 
Flavell 2011 1b Large/+* 14 Reinstatement Between 
Ma 2012 1a Moderate/+ 47 Reinstatement Between 
Ma 2012 1b Small/+ 28 
Spontaneous 
Recovery  Between 
(Week 1) 
Ma 2012 1c Small/+ 32 
Spontaneous 
Recovery  Between 
(Week 4) 
Millan 2013 1 Large/+* 16 Reinstatement Between 
Millan 2013 4 Large/-* 16 Reacquisition Between 
Olshavsky 2013a 1a Small/+ 48 
 
Reinstatement  
Between 
Olshavsky 2013a 1b a Large/+** 48 
Spontaneous 
Recovery  
Between 
Sartor 2013 1 Large/+** 15 Reinstatement Between 
Xue 2012 5 Large/+* 12 Reinstatement Between 
Xue 2012 6 Large/+** 14 
Spontaneous 
Recovery 
Between 
Xue 2012 7 Large/+* 16 Renewal Between 
 159 
 
 
Table 2A cont. (Chapter 2) 
Animal – Appetitive Study Characteristics  
Study Information Subject Characteristics 
First 
Author(s) Year Exp # 
Effect Size/ 
Direction 
Animal 
Type 
% 
Female Age 
Flavell 2011 1a Large/+** Rats 0% Adult 
Flavell 2011 1b Large/+* Rats 0% Adult 
Ma 2012 1a Moderate/+ Rats 0% 
Not 
specified 
Ma 2012 1b Small/+ Rats 0% 
Not 
specified 
Ma 2012 1c Small/+ Rats 0% 
Not 
specified 
Millan 2013 1 Large/+* Rats 0% 
Not 
specified 
Millan 2013 4 Large/-* Rats 0% 
Not 
specified 
Olshavsky 2013a 1a Small/+ Rats 0% Adult 
Olshavsky 2013a 1b a Large/+** Rats 0% Adult 
Sartor 2013 1 Large/+** Rats 0% Adult 
Xue 2012 5 Large/+* Rats 0% 
Not 
specified 
Xue 2012 6 Large/+** Rats 0% 
Not 
specified 
Xue 2012 7 Large/+* Rats 0% 
Not 
specified 
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Table 2A cont. (Chapter 2) 
Animal – Appetitive Study Characteristics  
Study Information Conditioning Procedures 
First 
Author(s) Year 
Exp 
# 
Effect 
Size/ 
Direction 
# 
Housed 
Together CS UCS 
UCS 
intensity 
Flavell 2011 1a Large/+** 4 Light Food  45 mg 
Flavell 2011 1b Large/+* 4 Light Food  45 mg 
Ma 2012 1a 
Moderate/
+ 
4 Context 
Drug 
(morphine) 
5 mg/kg 
Ma 2012 1b Small/+ 4 Context 
Drug 
(morphine) 
5 mg/kg 
Ma 2012 1c Small/+ 4 Context 
Drug 
(morphine) 
5 mg/kg 
Millan 2013 1 Large/+* 8 Context Drug (beer) 
4% v/v, 
0.6 ml  
Millan 2013 4 Large/-* 8 Context Drug (beer) 
4% v/v, 
0.6 ml  
Olshavsky 2013a 1a Small/+ 1 Light Food  no info 
Olshavsky 2013a 1b a Large/+** 1 Light Food no info 
Sartor 2013 1 Large/+** 2 Context 
Drug 
(cocaine) 
10 
mg/kg 
Xue 2012 5 Large/+* 5 
Tone-
light 
Drug 
(heroin) 
0.05 
mg/kg 
Xue 2012 6 Large/+** 5 
Tone-
light 
Drug 
(cocaine) 
0.75 
mg/kg 
Xue 2012 7 Large/+* 5 
Tone-
light 
Drug 
(cocaine) 
0.75 
mg/kg 
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Table 2A cont. (Chapter 2) 
Animal – Appetitive Study Characteristics  
Study Information Conditioning Procedures 
First 
Author(s) Year 
Exp 
# 
Effect 
Size/ 
Direction 
Duration 
of 
Acquisition 
Trial 
# of 
Acquisition 
Trials/Day 
# of 
Acquisition 
Days 
Flavell 2011 1a Large/+** 20 min 1 9 
Flavell 2011 1b Large/+* 20 min 1 9 
Ma 2012 1a Moderate/+ 45 min 1 10 
Ma 2012 1b Small/+ 45 min 1 10 
Ma 2012 1c Small/+ 45 min 1 10 
Millan 2013 1 Large/+* 60 min 1 7 
Millan 2013 4 Large/-* 60 min 1 7 
Olshavsky 2013a 1a Small/+ N/A 
8 on day 1, 
4 
16 on day 
2-4 
Olshavsky 2013a 1b a Large/+** N/A 
8 on day 1, 
4 
16 on day 
2-4 
Sartor 2013 1 Large/+** 60 min 2 3 
Xue 2012 5 Large/+* 60 min 3 10 
Xue 2012 6 Large/+** 60 min 3 10 
Xue 2012 7 Large/+* 60 min 3 10 
Notes. *p<0.05 **p<0.01 aOur analyses combine effect sizes of rats from both the 
orienter and non-orienter categorizations. 
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Table 2B (Chapter 2) 
Animal - Appetitive Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year 
Exp 
# 
Effect Size/ 
Direction 
Reinforcement 
Schedule 
Total  
Reinforced 
Acquisition 
Duration 
of 
memory  
retrieval 
(min) 
Flavell 2011 1a Large/+** 100% 180 min 10 
Flavell 2011 1b Large/+* 100% 180 min 10 
Ma 2012 1a Moderate/+ 50% 225 min 15 
Ma 2012 1b Small/+ 50% 225 min 15 
Ma 2012 1c Small/+ 50% 225 min 15 
Millan 2013 1 Large/+* 
100% (w/ 24 
sec timeout)a 
7 sessions 10 
Millan 2013 4 Large/-* 
100% (w/ 24 
sec timeout)a 
7 sessions 10 
Olshavsky 2013a 1a Small/+ 100% 56 trials 0.17 
Olshavsky 2013a 1b Large/+** 100% 56 trials 0.17 
Sartor 2013 1 Large/+** 50% 180 min 3 
Xue 2012 5 Large/+* 
100% (w/ 40 
sec timeout)a 
30 sessions 
(max 600 
infusions) 
15 
Xue 2012 6 Large/+** 
100% (w/ 40 
sec timeout)a 
30 sessions 
(max 600 
infusions) 
15 
Xue 2012 7 Large/+* 
100% (w/ 40 
sec timeout)a 
30 sessions 
(max 600 
infusions) 
15 
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Table 2B cont. (Chapter 2) 
Animal - Appetitive Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(
s) Year Exp # 
Effect Size/ 
Direction 
Time between  
Retrieval and 
Extinction 
(min)  
Duration of 
Extinction 
Trials 
# of 
Extinction 
Trials/Day 
Flavell 2011 1a Large/+** 60 70 min 1 
Flavell 2011 1b Large/+* 60 70 min 1 
Ma 2012 1a 
Moderate/
+ 
10 45 min 
0.5 (1 every 
other day) 
Ma 2012 1b Small/+ 10 45 min 
0.5 (1 every 
other day) 
Ma 2012 1c Small/+ 10 45 min 
0.5 (1 every 
other day) 
Millan 2013 1 Large/+* 70 60 min 1 
Millan 2013 4 Large/-* 70 60 min 1 
Olshavs
ky 
2013
a 
1a Small/+ 60 N/A 18 
Olshavs
ky 
2013
a 
1b Large/+** 60 N/A 18 
Sartor 2013 1 Large/+** 60 15 min 1 
Xue 2012 5 Large/+* 10 60 min 3 
Xue 2012 6 Large/+** 10 60 min 3 
Xue 2012 7 Large/+* 10 60 min 3 
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Table 2B cont. (Chapter 2) 
Animal - Appetitive Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year 
Exp 
# 
Effect 
Size/ 
Direction 
# of Extinction 
Days Total Extinction 
Flavell 2011 1a Large/+** 1 70 min 
Flavell 2011 1b Large/+* 1 70 min 
Ma 2012 1a 
Moderate/
+ 
10-14 225 - 315 min 
Ma 2012 1b Small/+ 10-14 225 - 315 min 
Ma 2012 1c Small/+ 10-14 225 - 315 min 
Millan 2013 1 Large/+* 4 240 min 
Millan 2013 4 Large/-* 4 240 min 
Olshavsky 2013a 1a Small/+ 1 18 trials 
Olshavsky 2013a 1b Large/+** 1 18 trials 
Sartor 2013 1 Large/+** Variableb Variable 
Xue 2012 5 Large/+* Variableb Variable 
Xue 2012 6 Large/+** Variableb Variable 
Xue 2012 7 Large/+* Variableb Variable 
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Table 2B cont. (Chapter 2) 
Animal - Appetitive Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year Exp # 
Effect Size/ 
Direction 
Time  between 
Acquisition and 
Extinction 
(memory age) 
Time 
between 
Extinction 
and Test 
Flavell 2011 1a Large/+** 24h 
6 tests 
across 20 
days 
Flavell 2011 1b Large/+* 24h 27 days 
Ma 2012 1a Moderate/+ 72h 72h 
Ma 2012 1b Small/+ 72h 1 week 
Ma 2012 1c Small/+ 72h 4 weeks 
Millan 2013 1 Large/+* 24h no info 
Millan 2013 4 Large/-* 24h no info 
Olshavsky 2013a 1a Small/+ 24h 24h 
Olshavsky 2013a 1b Large/+** 24h 21 days 
Sartor 2013 1 Large/+** 24h 24h 
Xue 2012 5 Large/+* 24h 24h 
Xue 2012 6 Large/+** 24h 28 days 
Xue 2012 7 Large/+* 24h 24h 
Notes.  *p<0.05 **p<0.01 aNosepokes were reinforced with the UCS 100% in these 
studies, however there was a timeout period after each nosepoke in which the drug was 
not available. bExtinction procedures were conducted daily until extinction criteria were 
met. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 166 
 
Table 3A (Chapter 2) 
Human - Fear Study Characteristics 
Study Information Study Design 
First 
Author(s) Year  
Exp 
# 
Effect 
Size/ 
Direction n Test Type 
Between- or 
Within- 
Subjects Design 
Agren, 
Engman 
2012 N/A Large/+* 33 Reacquisition Between 
Agren, 
Furmark 
2012 N/A Large/+ 20 Reinstatement Between 
Golkar 2012 1 Small/+ 19 Reinstatement Within 
Golkar 2012 2 Small/- 20 Reinstatement Within 
Kindt 2013 1a Small/- 40 Reinstatement Between 
Kindt 2013 1b Small/- 40 Reacquisition Between 
Meir 
Drexler 
2014 1a 
Moderate/
+ 
39 
Spontaneous 
Recovery 
Between 
Meir 
Drexler 
2014 1b Small/- 39 Renewal Between 
Oyarzun 2012 1 Large/+** 17 Reinstatement Within 
Schiller  2010 1a 
Moderate 
to large/+* 
42 
Spontaneous 
Recovery 
Between 
Schiller  2010 1b 
Moderate 
to large/+ 
19 Reinstatement Between 
Schiller 2010 2 
Moderate 
to large/+ 
21 Reinstatement Within 
Schiller 2013 1 Large/+** 19 Reinstatement Within 
Soeter 2011 IIa Small/+ 40 
Spontaneous 
Recovery 
Within 
Soeter 2011 IIb Small/- 40 Reinstatement Within 
Soeter 2011 IIc Small/- 40 Reacquisition Within 
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Table 3A cont. (Chapter 2) 
Human - Fear Study Characteristics 
Study Information Participant Characteristics 
First 
Author(s) 
Year  Exp # 
Effect Size/ 
Direction 
Mean Age  % Female 
Agren, 
Engman 
2012 N/A Large/+* 24.6 57.6 
Agren, 
Furmark 
2012 N/A Large/+ 24 50 
Golkar 2012 1 Small/+ 27.2 52.6 
Golkar 2012 2 Small/- 26.3 55 
Kindt 2013 1a Small/- 21.1 67.5 
Kindt 2013 1b Small/- 21.1 67.5 
Meir Drexler 2014 1a Moderate/+ 23.9 48.7 
Meir Drexler 2014 1b Small/- 23.9 48.7 
Oyarzun 2012 1 Large/+** 23.4 66.7 
Schiller  2010 1a 
Moderate to 
large/+* 
23.6 63.1 
Schiller  2010 1b 
Moderate to 
large/+ 
23.6 63.1 
Schiller 2010 2 
Moderate to 
large/+ 
22.8 55.6 
Schiller 2013 1 Large/+** 26 52.6 
Soeter 2011 IIa Small/+ 21.8 72.5 
Soeter 2011 IIb Small/- 21.8 72.5 
Soeter 2011 IIc Small/- 21.8 72.5 
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Table 3A cont. (Chapter 2) 
Human - Fear Study Characteristics 
Study Information Conditioning Procedures 
First 
Author(s) Year  Exp # 
Effect Size/ 
Direction CS 
Conditioned 
Learning 
Relevant?  
Agren, 
Engman 
2012 N/A Large/+* 
Photo of neutral 
environment with lamp lit 
in either red or blue 
N 
Agren, 
Furmark 
2012 N/A Large/+ 
Photo of neutral 
environment with lamp lit 
in either red or blue 
N 
Golkar 2012 1 Small/+ fearful male faces Y 
Golkar 2012 2 Small/- Colored squares N 
Kindt 2013 1a Small/- Pictures of spiders  Y 
Kindt 2013 1b Small/- Pictures of spiders  Y 
Meir 
Drexler 
2014 1a 
Moderate/
+ 
Pictures of aversive 
animals in context 
(frame) 
Y 
Meir 
Drexler 
2014 1b Small/- 
Pictures of aversive 
animals in context 
(frame) 
Y 
Oyarzun 2012 1 Large/+** Colored squares N 
Schiller  2010 1a 
Moderate 
to large/+* 
Colored squares N 
Schiller  2010 1b 
Moderate 
to large/+ 
Colored squares N 
Schiller 2010 2 
Moderate 
to large/+ 
Colored squares N 
Schiller 2013 1 Large/+** Colored squares N 
Soeter 2011 IIa Small/+ 
Pictures of spider or gun 
(CS+) or mug (CS-) 
Y 
Soeter 2011 IIb Small/- 
Pictures of spider or gun 
(CS+) or mug (CS-) 
Y 
Soeter 2011 IIc Small/- 
Pictures of spider or gun 
(CS+) or mug (CS-) 
Y 
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Table 3A cont. (Chapter 2) 
Human - Fear Study Characteristics 
Study Information Conditioning Procedures 
First 
Author(s) Year  
Exp 
# 
Effect 
Size/ 
Direction UCS  
UCS Duration 
(msec) 
UCS 
Intensity 
Agren, 
Engman 
2012 N/A Large/+* Shock  500 Up to 5mA 
Agren, 
Furmark 
2012 N/A Large/+ Shock 500 Up to 5mA 
Golkar 2012 1 Small/+ Shock 100 No info 
Golkar 2012 2 Small/- Shock 100 No info 
Kindt 2013 1a Small/- Shock 2 No info 
Kindt 2013 1b Small/- Shock 2 No info 
Meir 
Drexler 
2014 1a 
Moderate
/+ 
Shock 100 No info 
Meir 
Drexler 
2014 1b Small/- Shock 100 No info 
Oyarzun 2012 1 Large/+** 
Aversive 
sounds 
N/A N/A 
Schiller  2010 1a 
Moderate 
to 
large/+* 
Shock 200 10V-60V 
Schiller  2010 1b 
Moderate 
to large/+ 
Shock 200 10V-60V 
Schiller 2010 2 
Moderate 
to large/+ 
Shock 200 10V-60V 
Schiller 2013 1 Large/+** Shock 200 20V-60V 
Soeter 2011 IIa Small/+ Shock 2 ≥1 mA 
Soeter 2011 IIb Small/- Shock 2 ≥1 mA 
Soeter 2011 IIc Small/- Shock 2 ≥1 mA 
Notes. *p<0.05  **p<0.01 
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Table 3B (Chapter 2) 
Human - Fear Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year  Exp # 
Effect 
Size, 
Direction 
# of 
Acquisiti-
on Trials 
Reinforcement 
Schedule 
# of 
Reinforced 
Acquisition 
Trials 
Agren, 
Engman 
2012 N/A Large/+* 16 100% 16 
Agren, 
Furmark 
2012 N/A Large/+ 16 100% 16 
Golkar 2012 1 Small/+ 12 50% 6 
Golkar 2012 2 Small/- 12 50% 6 
Kindt 2013 1a Small/- 8 75% 6 
Kindt 2013 1b Small/- 8 75% 6 
Meir 
Drexler 
2014 1a 
Moderate/
+ 
16 75% 12 
Meir 
Drexler 
2014 1b Small/- 16 75% 12 
Oyarzun 2012 1 Large/+** 16 38% 6 
Schiller  2010 1a 
Moderate 
to 
large/+* 
16 38% 6 
Schiller  2010 1b 
Moderate 
to large/+ 
16 38% 6 
Schiller 2010 2 
Moderate 
to large/+ 
13 38% 5 
Schiller 2013 1 Large/+** 13 38% 5 
Soeter 2011 IIa Small/+ 5 80% 4 
Soeter 2011 IIb Small/- 5 80% 4 
Soeter 2011 IIc Small/- 5 80% 4 
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Table 3B cont. (Chapter 2) 
Human - Fear Study Characteristics cont. 
Study Information Conditioning Procedures cont. 
First 
Author(s) Year  
Exp 
# 
Effect 
Size, 
Direction 
Duration 
of 
memory 
retrieval 
(seconds) 
Time 
between 
Retrieval 
and 
Extinction 
(min) 
# of 
Extinction 
Trials 
Agren, 
Engman 
2012 N/A Large/+* 120 10 8 
Agren, 
Furmark 
2012 N/A Large/+ 120 10 8 
Golkar 2012 1 Small/+ 6 10 12 
Golkar 2012 2 Small/- 6 10 12 
Kindt 2013 1a Small/- 8 10 12 
Kindt 2013 1b Small/- 8 10 12 
Meir 
Drexler 
2014 1a 
Moderate
/+ 
30 10 8 
Meir 
Drexler 
2014 1b Small/- 30 10 8 
Oyarzun 2012 1 Large/+** 4 10 10 
Schiller  2010 1a 
Moderate 
to 
large/+* 
4 10 11 
Schiller  2010 1b 
Moderate 
to large/+ 
4 10 11 
Schiller 2010 2 
Moderate 
to large/+ 
4 10 11 
Schiller 2013 1 Large/+** 8 10 11 
Soeter 2011 IIa Small/+ 8 10 10 
Soeter 2011 IIb Small/- 8 10 10 
Soeter 2011 IIc Small/- 8 10 10 
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Table 3B cont. (Chapter 2) 
Human - Fear Study Characteristics cont. 
Study Information                             Conditioning Procedures cont. 
First 
Author(s) Year  
Exp 
# 
Effect 
Size, 
Direction 
Time between 
Acquisition 
and Extinction 
(Memory Age) 
Time 
between 
Extinction 
and Test 
Expectancy 
Ratings 
Utilized?  
Agren, 
Engman 
2012 N/A Large/+* 24h 24h N 
Agren, 
Furmark 
2012 N/A Large/+ 24h 72h N 
Golkar 2012 1 Small/+ 24h 24h N 
Golkar 2012 2 Small/- 24h 24h N 
Kindt 2013 1a Small/- 24h 24h Y (During) 
Kindt 2013 1b Small/- 24h 24h Y (During) 
Meir 
Drexler 
2014 1a 
Moderate/
+ 
24h 24h Y (During) 
Meir 
Drexler 
2014 1b Small/- 24h 48h Y (During) 
Oyarzun 2012 1 Large/+** 24h 24h N 
Schiller  2010 1a 
Moderate 
to 
large/+* 
24h 24h N 
Schiller  2010 1b 
Moderate 
to large/+ 
24h 1 year N 
Schiller 2010 2 
Moderate 
to large/+ 
24h 24h N 
Schiller 2013 1 Large/+** 24h 24h N 
Soeter 2011 IIa Small/+ 24h 24h Y (End) 
Soeter 2011 IIb Small/- 24h 24h Y (End) 
Soeter 2011 IIc Small/- 24h 24h Y (End) 
Notes. *p<0.05  **p<0.01 
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Table 4 (Chapter 2)    
Summary of Main Effects and Moderation Effects for Animal Fear, Animal Appetitive, 
and Human Fear Paradigms 
    
Outcome/moderator Animal - Fear 
Animal - 
Appetitive 
Human - Fear 
Main Effects    
Overall effect g = 0.21, n = 34 
g = 0.89***, n 
= 13 
g = 0.40**, n = 
16 
Test Type χ2 = 2.30 χ2= 7.85* χ2 = 3.17 
- Spontaneous recovery g = 0.45t g = 1.00** g = 0.53* 
- Reinstatement g = -0.47 g = 0.96*** g = 0.42** 
- Renewal g = 0.34 g = 1.22t g = -0.19 
- Reacquisition g = 0.17 g = -1.02 g = 0.36 
Moderators    
Study design    
Between vs. within subject - - B = 0.06 
- Between - - g = 0.43* 
- Within - - g = 0.37t 
Participant characteristics    
Age - - B = 0.04 
Gender - - B = -0.01 
Housed alone vs. together  B = 0.81* - n/a 
- Housed alone g = 0.78* - n/a 
- Housed together g = -0.20 - n/a 
Number animals housed 
together 
B = -0.19*** B = -0.09 n/a 
Conditioning procedures    
Stimuli    
Fear-relevant vs. fear-irrelevant  n/a n/a B = -0.64*** 
- Fear-relevant n/a n/a g = 0.02 
- Fear-irrelevant n/a n/a g = 0.66*** 
Context vs. cued conditioning B = 0.51 B = -0.75 - 
- Context g = 0.64 g = 0.46 - 
- Cued g = 0.14 g = 1.20*** - 
Shock duration B = 0.45 n/a B = 2.31*** 
Shock intensity B = 1.50t n/a - 
Type of UCS (Food vs. Drug) n/a B = 0.09 n/a 
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- Food n/a g = 0.95t n/a 
- Drug n/a g = 0.86** n/a 
Timing of procedures    
Number of acquisition trials B = 0.02 - B = 0.08** 
Reinforcement schedule - - B = -0.00 
Number of reinforced 
acquisition trials 
- - B = 0.03 
Number of extinction trials B = -0.00 - B -0.12 
Duration of retrieval (post-
retrieval extinction group) 
B = -0.00 B = 0.02 B = 0.00 
Time between retrieval and 
extinction (post-retrieval 
extinction group) 
B = -0.00 B = -0.34 - 
Hours between acquisition and 
post-retrieval 
extinction/extinction (24 vs. 48 
hrs) 
B = -0.61 - - 
- 24hrs g = 0.32 - - 
- 48hrs g = -0.29 - - 
Hours between post-retrieval 
extinction/extinction and test 
(24 vs. 48 hrs) 
B = -0.65 - - 
- 24hrs g = 0.26 - - 
- 48hrs g = -0.24 - - 
Time between post-retrieval 
extinction/extinction and test 
(short delay vs. long delay) 
B = 0.66* B = 0.00 - 
- Short delay g = 0.12 g = 0.93** - 
- Long delay g = 0.78* g = 0.94** - 
Expectancy ratings  n/a n/a B = -0.59** 
- Expectancy ratings n/a n/a g = 0.00 
- No expectancy ratings n/a n/a g = 0.59*** 
Notes. Significant findings are presented in bold.  tp ≤ .08, *p < .05, **p < .01, ***p < 
.001. “-” indicates inconsistency of methods or insufficient variation within methods 
for adequate examination of the moderator. 
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Table 5.  
Participant characteristics for sample used to examine effect of UCS variations on SCR conditioning (n = 135)  
(Chapter 3)   
Participant  
Characteristics 
Factor 1: Single UCS vs. Compound UCS Factor 2: 500-msec Shock vs 1000-msec 
Shock 
 
Single  
UCS 
(n = 70) 
Compound  
UCS 
(n = 65) 
Comparison 
of two groups 
500-msec 
Shock 
(n = 69)  
1000-msec 
Shock 
 (n = 66) 
Comparison 
of two groups 
Age {Mean (SD), 
years} 
22.9 (10.0) 23.5 (10.0) t(133) = -0.39,  
p = .70 
23.7 (10.4) 22.7 (9.1) t(133) = 0.58,  
p = .56 
Gender (% 
female, n) 
54%,  
n = 38 
65%,  
n = 42 
χ²(1, 135) = 
1.49,  
p = .22 
61%,  
n = 42 
58%,  
n = 38 
χ²(1, 135) = 
0.15,  
p = .70 
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Education (% 
completed 
college, n) 
14%,  
n = 10 
20%,  
n = 13 
χ²(1, 135) = 
0.78,  
p = .38 
16%,  
n = 11 
18%,  
n = 12 
χ²(1, 135) = 
0.12,  
p = .73 
Ethnicity (% 
Hispanic, n) 
4%,  
n = 3 
11%,  
n = 7 
Fischer’s 
exact  
p = .20 
9%,  
n = 6 
6%,  
n = 4 
Fischer’s exact  
p = .74 
Race (% African 
American, n) 
6%,  
n = 4 
3%,  
n = 2 
Fischer’s 
exact  
p = .68 
4%,  
n = 3 
5%,  
n = 3 
Fischer’s 
exact  
p = 1.00 
Unconditioned 
Stimulus Intensity 
{Mean(SD) mA} 
1.6 (0.5) 1.7 (0.4) F(1, 130) < 1,  
p = ns 
1.6 (0.4) 1.7 (0.5) F(1, 130) < 1,  
p = ns 
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Note. aThere were no significant interactions between Factor 1 and Factor 2;  bMeans and standard errors are based on 
factorial ANOVA estimated marginal means covarying for race; cSignificance based on Mann-Whitney U test. *p < .05 
**p < .01 ***p < .001 
Table 6. 
Outcomes for effect of UCS variations on SCR conditioning (n = 135) (Chapter 3) 
Outcomes Factor 1: Single UCS vs. Compound 
UCSa 
Factor 2: Short Shock vs Long 
Shocka 
 Single UCS 
(n = 70) 
Compound UCS 
(n = 65) 
Short Shock 
(n = 69)  
Long Shock 
 (n = 66) 
Primary Outcome 
Acquired Differential SCR (%, n) 34%, n = 24 62%, n = 40** 51%, n = 35 44%, n = 29 
Secondary Outcomes 
Differential SCR {Mean(SE)}b 0.11(0.03) 0.18(0.03)*c 0.16(0.03) 0.13(0.03) 
 SCR to CS+ {Mean(SE)}b 0.53(0.04) 0.70(0.04)*** 0.68(0.04) 0.55(0.04)** 
 SCR to CS- {Mean(SE)}b 0.42(0.03) 0.52(0.03)* 0.52(0.03) 0.42(0.03)* 
Unconditioned SCR {Mean(SE)}b 2.43(0.24) 2.96(0.24) 2.49(0.24) 2.90(0.24) 
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Table 7.  
Participant Characteristics (Chapter 4) 
Participant Characteristics PRE 
(n = 38) 
E 
(n = 40) 
StrongAcquisition 
PRE 
(n = 14) 
Significance Test 
Age {Mean (SD), years} 21.3 (5.4) 23.7 (9.6) 25.9 (7.9) F(2, 89) = 1.96, p = .15 
Gender (% female, n) 63%, n = 24 68%, n = 27 100%, n = 14 PRE vs E: χ2(1, n = 78) = 0.16, p = 
.69 
PRE vs StrongAcquisitionPRE: 
Fischer’s exact p = .01  
E vs StrongAcquisitionPRE: 
Fischer’s exact p = .01 
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Education (% completed 
college, n) 
21%, n = 8 30%, n = 12 71%, n = 10 PRE vs E: χ2(1, n = 78) = 0.82, p = 
.37 
PRE vs StrongAcquisitionPRE: 
Fischer’s exact p = .002 
E vs StrongAcquisitionPRE: 
Fischer’s exact p = .01 
Ethnicity (% Hispanic, n) 8%, n = 3 13%, n = 5 0%, n = 0 Fischer’s exact ps > .31 
Race (% White/Caucasian, 
n) 
47%, n = 18 43%, n = 17 50%, n = 7 χ2(2, n = 92) = 0.31, p = .86 
Race (% Black/African 
American, n) 
3%, n = 1 5%, n = 2 7%, n = 1 Fischer’s exact ps > .47 
Caffeine Use (%, n) 0%, n = 0 5%, n = 2 0%, n = 0 Fischer’s exact ps > .49 
Nicotine Use (%, n) 0%, n = 0 3%, n = 1 0%, n = 0 Fischer’s exact ps = 1.0 
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Medication Use (%, n/total 
n) 
30%, n = 10/33 16%, n = 6/37 17%, n = 2/12 χ2 or Fischer’s exact ps > .16 
Psychiatric Medication Use 
(%, n/total n) 
15%, n = 5/33 3%, n = 1/37 8%, n = 1/12 PRE vs E: Fischer’s exact p = .09 
PRE vs StrongAcquisitionPRE: 
Fischer’s exact p = 1.0 
E vs StrongAcquisitionPRE: 
Fischer’s exact p = .43 
Low Level Anticholingeric 
Medication Use (%, n/total 
n) 
15%, n = 5/33 3%, n = 1/37 0%, n = 0/12 PRE vs E: Fischer’s exact p = .09 
PRE vs StrongAcquisitionPRE: 
Fischer’s exact p = .30 
E vs StrongAcquisitionPRE: 
Fischer’s exact p = 1.0 
PSWQ Total {Mean(SD)} 57.2 (13.8) 52.8 (12.7) 61.9 (11.4) F(2, 89) = 2.79, p = .07 
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STAI-T Total {Mean(SD)} 47.3 (10.7) 44.9 (11.9) 53.8 (8.7) F(2, 89) = 3.42, p < .05 
Unconditioned Stimulus 
Intensity {Mean(SD) mA} 
1.7 (0.7) 1.6 (0.7) 1.8 (0.8) F(2, 89) = 0.13, p = .88 
Raw SCL {Mean(SD)} 11.6 (6.1) 9.6 (5.5) 9.9 (4.9) F(2, 89) = 1.28, p = .28 
Unconditioned SCR 
{Mean(SD)} 
1.7 (0.5) 1.8 (0.4) 1.8 (0.5) F(2, 89) = 0.63, p = .54 
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Figure 1.  CONSORT diagram of the articles searched and selection process (Chapter 2). 
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Records identified through database search (n = 1266) 
Unpublished manuscripts (n = 1) 
Records after duplicates removed  
(n = 791) 
Records screened (n = 791) 
Records excluded (n = 731) 
Full text articles assessed for  
eligibility (n = 60) 
Full text articles excluded (n = 36): 
 Pharmacological paradigm (n = 13) 
 PRE not utilized (n = 5) 
 Non-fear/appetitive memory (n = 
3) 
 Inadequate control group (n = 2) 
 Variable UCS intensity (n = 1) 
 SCR not collected (n = 1) 
 Older than 7-day memory (n = 1) 
 Non-mammal subjects (n = 1) 
 Review article (n = 9) 
 
Full text articles included in meta-
analysis (n = 24), containing 79 
studies 
Studies included in meta-analysis  
(n = 47), containing 65 
comparisons 
 
Appetitive 
comparisons (n =13): 
 Animal (n = 13) 
 Human (n = 0) 
Fear 
comparisons (n = 50): 
 Animal (n = 34) 
 Human (n = 16) 
Studies excluded (n = 32) 
Appetitive studies excluded (n = 12): 
 Pharmacological paradigm (n = 1) 
 PRE not utilized (n = 3) 
 Inadequate or no test (n = 2) 
 Lesions to subjects (n = 1) 
 High likelihood of cognitive    
impairment in subjects (n = 1) 
 Authors did not provide data (n = 4) 
Fear studies excluded (n = 20): 
 Pharmacological paradigm (n = 1) 
 PRE not utilized (n = 2) 
 Inadequate control group (n = 1) 
 Inadequate or no test (n = 11) 
 CS partially reactivated (n = 2) 
 Authors did not provide data (n = 3) 
 
Comparisons included in meta-
analysis (n = 63) 
 
Fear comparisons excluded  
(n = 2): 
 Not enough info provided by        
authors (n = 1) 
 Data compromised according to 
authors (n = 1) 
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Figure 2. Forest plot of individual study effects of post-retrieval extinction (PRE) over extinction (E) on return of fear in 
animals (Chapter 2).  
 
Study Name        Outcome          Hedges’s g  p-Value          Hedges’s g and 95% CI 
 
 Overall Effect        g = 0.208         p = 0.300   Favors E      Favors PRE 
 
Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's 
g p-Value
Baker 2013 (exp 1) Renewal 0.496 0.215
Baker 2013 (exp 2) Renewal (retrieval in A) 0.287 0.454
Baker 2013 (exp 2) Renewal (retrieval in B) 0.108 0.768
Baker 2013 (exp 3) Renewal 0.726 0.120
Chan 2010 (exp 1) Renewal -1.410 0.008
Chan 2010 (exp 2a) Renewal 0.069 0.885
Chan 2010 (exp 2b) Renewal -2.321 0.000
Chan 2010 (exp 3) Renewal -0.349 0.464
Chan 2010 (exp 4a) Reinstatement -0.455 0.343
Chan 2010 (exp 4b) Reinstatement -1.542 0.001
Chan 2014 (exp 5a) Reacquisition -1.162 0.029
Chan 2014 (exp 6c) Reacquisition 0.244 0.619
Chan 2014 (exp 7a) Reacquisition 0.082 0.863
Chan 2014 (exp 8a) Reacquisition 0.185 0.696
Chan 2014 (exp 9c) Reacquisition -0.847 0.088
Clem 2010 (exp 1) Renewal (day 1) 3.383 0.000
Clem 2010 (exp 1) Renewal (day 7) 1.529 0.008
Clem 2010 (exp 1) Spontaneous recovery (day 1) 1.119 0.034
Clem 2010 (exp 1) Spontaneous recovery (day 7) 1.529 0.008
Flavell 2011 (exp 2) Reinstatement -0.908 0.069
Flavell 2011 (exp 3) Reacquisition 1.355 0.002
Ishii 2012 (exp 1) Renewal -0.126 0.779
Ishii 2012 (exp 1) Spontaneous recovery -0.389 0.391
Ishii 2012 (exp 2) Renewal -0.215 0.633
Ishii 2012 (exp 2) Spontaneous recovery -0.009 0.984
Ishii 2012 (exp 3) Spontaneous recovery -0.388 0.392
Jones 2013 (exp 1) Spontaneous recovery 1.598 0.001
Monfils 2009 (exp 1) Spontaneous recovery (1 hr) 1.895 0.000
Monfils 2009 (exp 1) Spontaneous recovery (10 min) 1.062 0.023
Monfils 2009 (exp 2) Renewal 1.738 0.002
Monfils 2009 (exp 3) Reinstatement 1.104 0.031
Monfils 2009 (exp 6) Reacquisition 1.185 0.008
Olshavsky 2013a Spontaneous recovery 0.765 0.002
Rao Ruiz (exp 9) Spontaneous recovery 1.883 0.000
-3.50 -1.75 0.00 1.75 3.50
Favours E Favours PRE
Meta Analysis
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Figure 3.  Regression plot of return of fear effect sizes in relation to the number of animals housed together (Chapter 2). 
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Figure 4.  Forest plot of individual study effects of post-retrieval extinction (PRE) over extinction (E) on return of 
appetitive memories in animals (Chapter 2).   
 
Study Name        Outcome              Hedges’s g   p-Value  Hedges’s g and 95% CI 
 
Overall Effect        g = 0.886   p = 0.001     Favors E                Favors PRE 
 
 
 
 
 
Study name Outcome Hedges's g and 95% CI
Hedges's 
g p-Value
Flavell 2011 (exp 1) Reinstatement 1.360 0.016 Reinstatement
Flavell 2011 (exp 1) Spontaneous recovery 1.586 0.007 Spontaneous recovery
Ma 2012 Reinstatement 0.460 0.114 Reinstatement
Ma 2012 Spontaneous recovery (week 1) 0.082 0.812 Spontaneous recovery (week 1)
Ma 2012 Spontaneous recovery (week 4) 0.372 0.320 Spontaneous recovery (week 4)
Millan 2013 (exp 1) Reinstatement 1.236 0.018 Reinstatement
Millan 2013 (exp 4) Reacquisition -1.023 0.043 Reacquisition
Olshavsky 2013b Reinstatement 0.335 0.237 Reinstatement
Olshavsky 2013b Spontaneous recovery 0.771 0.008 Spontaneous recovery
Sartor 2013 (exp 1) Reinstatement 1.510 0.007 Reinstatement
Xue 2012 (exp 5) Reinstatement 1.400 0.021 Reinstatement
Xue 2012 (exp 6) Spontaneous recovery 1.925 0.002 Spontaneous recovery
Xue 2012 (exp 7) Renewal 1.224 0.019 Renewal
-2.50 -1.25 0.00 1.25 2.50
Favours E Favours PRE
Meta Analysis
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Figure 5.  Forest plot of individual study effects of post-retrieval extinction (PRE) over extinction (E) on return of fear in 
humans (Chapter 2). 
 
Study Name            Outcome          Hedges’s g  p-Value        Hedges’s g and 95% CI 
 
 
Overall Effect            g = 0.397             p = 0.006        Favors E       Favors PRE 
  
 
 
 
Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's 
g p-Value
Agren 2012a Reacquisition 0.912 0.011
Agren 2012b Reinstatement 0.773 0.084
Golkar 2012 (exp 1) Reinstatement 0.149 0.639
Golkar 2012 (exp 2) Reinstatement -0.273 0.381
Kindt 2013 Reacquisition -0.122 0.693
Kindt 2013 Reinstatement -0.169 0.586
Meir Drexler 2014 Renewal -0.157 0.617
Meir Drexler 2014 Spontaneous recovery 0.591 0.065
Oyarzun 2012 Reinstatement 1.142 0.002
Schiller 2010 (exp 1) Reinstatement 0.740 0.108
Schiller 2010 (exp 1) Spontaneous recovery 0.732 0.020
Schiller 2010 (exp 2) Reinstatement 0.628 0.060
Schiller 2013 Reinstatement 0.904 0.007
Soeter 2011 (exp 2) Reacquisition -0.151 0.671
Soeter 2011 (exp 2) Reinstatement -0.062 0.863
Soeter 2011 (exp 2) Spontaneous recovery 0.081 0.821
-2.00 -1.00 0.00 1.00 2.00
Favours E Favours PRE
Meta Analysis
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Figure 6.  This funnel plot presents individual study effects of post-retrieval extinction (PRE) over extinction (E) on return 
of appetitive memories in animals across all test types (Chapter 2). 
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Figure 7.  This funnel plot presents individual study effects of post-retrieval extinction (PRE) over extinction (E) on return 
of fear memories in humans across all test types (Chapter 2). 
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Figure 8.  This funnel plot presents individual study effects of post-retrieval extinction (PRE) over extinction (E) on return 
of appetitive memories in animals across all test types (open circles) and imputed effects from Trim and Fill analyses 
(filled circles) (Chapter 2). 
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Figure 9A. Consort diagram: healthy participants (Chapter 4). 
Signed consent (n = 154)
Randomized (n = 154)
PRE (n = 76)
Completed 
Reinstatement Test
(n = 37)
PRE
Included in Analyses 
(n = 24)
Reason for exclusion:
- Computer glitch during 
acquisition (n = 1)
- Inadequate extinction (n = 11)
- Shock electrodes detached 
during test (n = 1)
Reason for exclusion:
- Withdrew during 
habituation/acquisition (n = 4)
- Inadequate acquisition (n =32)
- Withdraw after completing 
acquisition (n = 3)
E (n=78)
Completed 
Reinstatement Test
(n = 35)
E 
Included in Analyses 
(n = 25)
Reason for exclusion:
- Inadequate extinction (n = 7)
- Removed to match groups on 
acquisition differential SCR  
(n = 2)
- Computer glitch during 
acquisition (n = 1)
Reason for exclusion:
- Withdrew during 
habituation/acquisition (n = 1)
- Inadequate acquisition (n = 39)
- Withdraw after completing 
acquisition (n = 3)
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Figure 9B. Consort diagram: anxious participants (Chapter 4).
*Reasons: Fear Questionnaire/Beck Anxiety Inventory (n = 28); Bipolar disorder (n = 3); medication (n = 1); suicidal ideation/non-
suicidal self-injury (n =3); inadequate acquisition (n = 48); Unwilling to comply with procedures (n = 1); Withdrew before eligibility 
known (n = 3); Met inclusion criteria but withdrew/dropped after acquisition prior to randomization (n = 3) 
Signed consent (n = 161)
Randomized (n = 71)
PRE (n = 24)
Completed Reinstatement 
Test (n = 23)
PRE
Included in Analyses 
(n = 14)
Reasons for exclusion from 
analyses:
- Inadequate extinction (n = 
8)
- Removed to match groups 
on acquisition differential 
SCR  (n = 1)
Reasons for exclusion:
Withdraw prior to Day 
2 (n = 1)
E (n=21)
Completed Reinstatement 
Test (n = 19)
E
Included in Analyses 
(n = 15)
Reasons for exclusion from 
analyses:
- Inadequate extinction (n = 3)
- Removed to match groups on 
acquisition differential SCR  (n 
= 1)
Reason for exclusion:
- Withdraw prior to Day 2 
(n = 1)
- Error in acquisition 
delivery (n = 1)
StrongAcquisitionPRE (n = 
26)
Completed Reinstatement 
Test (n = 23)
StrongAcquisitionPRE 
Included in Analyses (n = 
14)
Reasons for exclusion from 
analyses:
Inadequate extinction (n = 9)
Reasons for exclusion
- Withdraw prior to day 2 (n = 
1)
Withdraw mid day 2 (n = 1)
Withdraw after day 2 (n =1)
Excluded (n = 90)* 
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Figure 10. Mean SCR to CS+ (solid line) versus CS- (dashed line) during Study Phases in PRE and E (Chapter 4). 
Retrieval trial denoted with star and unsignaled UCS trials denoted with lightning bolt. 
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Figure 11. Average differential SCR across study phases in PRE and E groups (Chapter 4).  
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Figure 12. Mean SCR to CS+ (solid line) versus CS- (dashed line) during study phases in anxious participants 
StrongAcquisitionPRE (Chapter 4). Retrieval trial denoted with star and unsignaled UCS trials denoted with lightning bolt. 
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Figure 13. Average differential SCR across study phases for anxious participants in PRE, E, and StrongAcquisitionPRE 
(Chapter 4). 
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